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K YOUR IMPELLER, PICK YOUR PUMP 


you never bought an impeller 
and then bought the pump later. But ‘pick 


Ot course 


your impeller, pick your pump’ is one way 

of suggesting you put performance before 
tion 

Sure 


complete standardized line 


we can give you pumps from a 
We can, for 
example, show you how four basic frames 
are used in six different pump types and 
127 different models. And we can show 
you one bearing that spins in 51 different 
sizes, or one shaft that turns in 39 sizes 
So far as we know, there’s no more stand- 
ardized line of centrifugal pumps than this 

But we can’t help reminding you that 
the day-to-day economy of any pump lies 
in its Operating efficiency plus how close 
it comes to meeting your exact performance 
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requirements. Only after these conditions 
are met does a minimum number of parts 
lying in your storeroom really count 

So, to you it’s most important that this 
line of Worthington SESC 
tains more (not less) different types of im 


pumps con 


pellers than any other line. It contains 
open, closed and semi-open impellers 
Each is available in five different materials 
to handle abrasive or corrosive materials, 
water or slurries. In fact, because of the 
extensive impeller selection, this line offers 
a ‘customerized’ pump selection meeting 
more specific performance requirements 
than any other line 

But don’t take our word for it. Take a 
look at the SESC pump line. You'll see it’s 


standardized to the nth degree in ratings 


ip to 3000 gpm and 550 ft. heads. But 
there are more impellers to choose from 

thus you can buy a custom built pump 
at standard prices 

For the name of your nearest Worthing 
ton distributor consult the Yellow Pages 
or write Worthington Corporation, Section 
20-18, Harrison, New Jersey 


WORTHINGTON 
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FEATURED: 


SIMPLE MATH OF RESPONSE EQUATION R M Koff, asst. man. editor 


A few graphical tricks can eliminate tedious slide-rule work 


HIGH-STRENGTH ALUMINUM ALLOYS M Holt and J A Nock Jr, Alcoa 


How a newcomer stacks up against other members of this family 


FREQUENCY-CONTROLLED AC MOTORS F D Yeaple, associate editor 


Details on a new solid-state inverter for squirrelcage r 


WHEN PLASTIC CAMS ARE BETTER M A Sanders, Prec 


sion Molding Inc 


For runs of 100 or more they are preferable to machined steel one: 


YOUR CHOICE OF RECYCLING TIMERS E F King, Thomas A Edison Industri« 


Capabilities, limitations and costs of 5 popular types 


SHORTCUT TO DESIGNING TORSION BARS D A Derse, Weston Hydraulic 


Two-in-one nomograph speeds calculations 


FIELDS OF INTEREST REPRESENTED IN DEPARTMENTS: 


New hi-temp coatings under test 

Plastic laminates wired for strength 

Diamond thermistors resist corrosion and abrasion 
Superconductive metals at room temp? 
Fuel-element promises and problems 

Iron rust is blamed on protons 


Low-cost vibration monitor designed for machine installations 
Subminiature force-control switch available in two models 
Reversible decade counter has 10 magnetic storage elements 


lsotope-lighted dials to be licensed for production 
Electrical equipment reaching for 800 F 


Clips hold hair clippers together 
Plug valves allow bottomless pot to clean self 


Machinability checked by strain-gage test 
Tumbling process coats metal parts with zinc 


Engineers ask military for higher-Mach aircraft 
Polaris to be launched from trucks too 
Engineering grads find jobs plentiful! 
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, 


‘for better products — lower costs 


ARMCO STEELS 


New steels are 
born at 
Armco 


Solve These Design 
and Production Problems 
With Armco 17-4 PH 


Stainless Steel 


ylutions to many 


Steel offers you s« 


ause it possesses 


Stainless 


Armco 17-4 PH* 


design and production problems bec such an 


unusual combination of properties. 


Armco 17-4 PH — 

— has a typical ultimate tensile strength of 200,000 psi 

— can be hardened to Rockwell C44 

— resists corrosion as well as Type 302 stainless in most 
media 

— has useful mechanical properties up to 1000 F 

— is heat treated at only 900 F to gain maximum strength 


Use Armco 17-4 PH Stainless Steel to give 

ntages. By replacing carbon steels, standard st 

a, WARE cat ae ae 

osts and improve the life 

vital parts Write us for 
Armco Steel Corporatio 2350 
Middletown. Ohio 


warhagren 


or non-ferrous alloys 


and re 
( ap le + 
> pa 


+> 


ARMCO STEEL 
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Elimination of Distortion and Scaling 


Instrument Hydraulic pump shaft 


parts 


High Strength Plus Corrosion Resistance 


Special stud Oil well “fishing neck” 


Safety valve stem 


Resistance to Galling, Wear and Abrasion 


Colloid mill wear ring 


Pump shaft 
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transformer, we recentl 


Federal Pacific 


how the Hungarian team of K. Zipernowsky 
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ung engineers went 
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were interested in a development bi 
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mtrolled the voltage 


which were to receive 


Hungarians called 
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a reality. 
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American, J 
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NEXT WEEK IN PRODUCT ENGINEERING 


New Speed Control for Dc Motors 
This package has these key elements: silicon controlled rectifiers and the 
magnetic amplifier that triggers them in response to a speed sensing circuit 


Abrasive Contamination of Precision Mechanical Devices 
Latest tests sponsored by the Navy’s Bureau of Ships show how to avoid con 
tamination 


Next Step for the Metric System 


Two articles propose improvements in the metric system. One suggests gradual 
changes in the foot-pound-second system; the other offers a 20-hour day 


200° circle 
More Ways to Prevent Overloading 
For the designer who must anticipate the unexpected, these guard machinery 


against carelessness or accident. 


How Do You “Style” a Car? 
General Motors’ vice-president in charge of styling gives his point of view 
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ZEROL® BEVEL 





CURVIC*® COUPLING 


How to set engineering assistance 


on gears and couplings like these 


Gleason engineers are always ready 
to help you work out any problems 
involving bevel gears and couplings 

Such assistance came to the makers 
of this turbine in four different areas 
First, they naturally wanted com- 
ponents which met the designated 
theoretical requirements of the tur- 
bine. Our engineers helped determine 
the types and sizes of the gears and 
Curvic® coupling as well as such 
details as axial thrust and radial load 
Second, they wanted compactness 
Che angular drives made possible by 


the spiral bevel and Zerol 


bevel 


systems helped materially to fit the 


drive into the limitations set by the 


turbine’s over-all dimensions. 
Third, they wanted low costs. The 
machines and methods developed by 
Gleason engineers assure the lowest 
possible costs for both gears and 
couplings whether made in small or 
large quantities Phe Curvie coupling 
design inherently cuts coupling costs; 
see picture at right. 

Fourth, the makers wanted extreme 
reliability. The success of the gears 
and couplings in this respect is wit- 


nessed by the fact that this turbine 


GLEASON WORKS 


1000 UNIVERSITY AVE., ROCHESTER 3, N.Y. 


panies and has recorded more hours 


of flying time than any other turbine 
in its power class 

If you would like to discuss your 

tT coupling application 

with a Gleason representative, plea 


contact us 





DEVELOPMENTS TO WATCH... 


New high-temperature coatings under test 
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oatings and sintered parts, before they are ready for comm 


Plastic laminates wired for strength 


Plastics reinforced with wire mesh can offer 
materials, though the substitution of wire for fabri 


s not as simple 1 matter as it might seem. 


l’o obtain the best material from a cost as well as a performan 


idvisable to combine the wire mesh with tl 
wire alone 
New York W ire ( 


simple structural shapes by 
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wooden been 
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W ebber tests 
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“...NEW MANUAL 
EXPANDS INFORMATION ON 


MINIATURE & INSTRUMENT 
BALL BEARINGS...’ 


By GEORGE HAMPSON, Vice President -Sale Ss, 
Ne w Hamp hire Ball Be arings, Ine a 


“ 


.. this ‘Design & Purchasing Manual’ replaces the first- 
of-its-kind ‘Technical Data and Catalog’ book NEW 
HAMPSHIRE published in 1957. As the ‘Technical Data’ 
(black cover) was then, we believe the ‘Manual’ (green 
cover) is now, the most complete source of information on 
miniature and instrument ball bearings in print. About 50 
pages larger than the old book, the ‘Manual’ was expanded 
that much to include information developed since 1957 on 
ordering, maintaining, fitting, lubricating and testing mini- 
ature bearings.” 


QUALITY — AND ASSURANCE 


“The significance of ABEC Class 7 tolerances to running 
quality of instrument bearings is covered in one section with 
a brief, to-the-point explanation of how improved bearing 
geometry helps the design and quality control engineer. A 
pictures-and-words story describes NEW HAMPSHIRE'’s 
Quality Assurance by which this high standard for mini- 
ature bearings is maintained in production. The equipment 
used, and how used, is fully described. Testing geometry 
and finish, cleaning and lubricating, functional testing of 
bearings, and metal research are some of the subjects 
covered.” 


PeTaman ®f4nmas _ ® 
x 


TENDED innen —~ 
~os 
~ 


EASY-TO-READ TABULATIONS 


“An even easier-to-read tabulation form is used to list NEW 
HAMPSHIRE Bearings in Bore/OD/Width sequence for 
quick identification and selection when ordering or writing 
specifications. Three hundred seventy bearings are so listed, 
including NEW HAMPSHIRE wafers, the narrowest 
shielded retainer bearings possible for given Bore/OD com- 
binations, and developed especially for manufacturers of 
synchros, servos, small motors, potentiometers, miniature 
gear trains, and other products where space-for-bearings 
is a problem.” 
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HAMPSHIRE 


BEARING NUMBERS EXPLAINED 


“The ‘Design & Purchasing Manual’ includes a section on 
Designation, Packaging and Marking in which NEW 
HAMPSHIRE Bearing number symbols are explained, 
methods of packaging available from NEW HAMPSHIRE 
are described, and materials identification codes listed. 
Study of this section can work savings of money and time 
by minimizing the necessity of returning mistake-ordered 
bearings. In addition, simple HOW TO ORDER instructions 
are included on every page of bearing tabulations. 

A Table of Weights is provided to assist those responsible 
for systems design and planning to compute weights of 


the NEW HAMPSHIRE Bearings specified and included.” 


ENGINEERING BULLETINS EXPANDED 


“The Engineering Bulletins haye been expanded and brought 
up-to-date to inform designers, engineers and quality contro 
personnel of the latest developments related to Lubrication, 
Load Ratings, Fits, Speed, and other factors affecting pe. 

formance and life of instrument bearings. There are now 22 
Bulletins on as many subjects, including the two most re- 
cently developed, Duplex Bearings, and Bearing Roundness 
—one hundred seventeen pages of technical information on 
miniature and instrument ball bearings compiled and writ- 
ten by Bearing Engineers.” 


REGISTERED COPIES AVAILABLE 


“The ‘Design & Purchasing Manual’ should be in the library 
of every designer, draftsman and buyer specifying or pur- 
chasing miniature and instrument ball bear- 
ings. Each copy is registered to its recipient. 
Your name and title sent to us on your 
company letterhead will bring your 
you by return mail.” 


NEw 
BALL BEARINGS, 


PETERBOROUGH, N.H. 
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NEWS ABOUT 
PRODUCT DESIGN 
AND 
MATERIALS 


Whether the design is a new 
product or improvements for an 
old standard, Dow plastics are 
ready to help the designer. They 
provide a vast array of thermo- 
plastics formulations—each 
with particular specialties. Take 
Styron’, for example... 

The workhorse of modern plastics, 
lystyrene) permits the 


with 


Dx W po 


mplete color choice, 


Plastics ASSIST in 


Oy tie house 


modern 


lithe iady 


TODAY'S PLASTICS 


STAR IN 


NEW HOUSEWARE DESIGNS 


surface finisl ssured. This 


al strength 


attractive 


material affords good flexu 
properties 
Best of all 


extrudes 


provides excellent dielectric 
and low water 
Styron 
and thermo-forms easily 


in 20 different formulations that spot 


absorption 
is low in cost—molds, 


and Is offered 


light particular design characteristics 
For example, in the new combination 
appliance designed both to vacuum rugs 
and scrub floors (illustrated below) 
tanks are made of Styron 475, developed 


specifically for high impact strength 


times greater tha 


ene materials. I} 
} 


also provides the tank ho 


lard-working rug sh 


a formulation that 


Stvron 369 


bines excellent heat resistance and 
a colortu 
And the 


| clock takes advantage of other ver 
Styron the 


impact strength, makes 


for the hi gh-styled clock radio 
satile features of 
opaque while the protective dia 


is crystal clear. 
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For outdoor relaxation, handsome 


chairs are laced with cord of PVC, Dow 


chloride. Excellent aging char 


] 


quick recovery from loads 


assure durability and long 


omfort. In a wide range of 


*VC materials clean easily 
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For privacy on the patio, new wall 
divider grilles offer novel designs, main 
tain their good looks for years. Molded 
of Zerlon they 


resist outdoor weathering 


are exceptionally 
strong, 
and stand up under blazing sun or 


freezing cold 


LOOKING FOR NEW MATERIALS? 


The Dow family of thermoplastics provides one of the widest lines 


of materials and formulations available in the industry today 


More than likely, there are Dow plastics that can help you today 


in designing products for tomorrow 


We'll be glad to help with 


specialized technical service—from helping select the right formu- 


lation to assisting in color styling, as you wish. Just write to 


THE DOW CHEMICAL COMPANY, Midland, Michigan, Plastics Merchandising 


t Department 1721DZ8-8. 


: 
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Cans open in a hurry with electricity 
turning the crank. And this can opener 
is a breeze to keep clean because the 


lyri R¢ 


this materi 


stand and housing are of 


markably stain-resistant 


withstands foods. oils. waxes 


even solvents and mart 


THE DOW CHEMICAL COMPANY 


i 
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DEVELOPMENTS TO WATCH... 
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Electrical equipment reaching for 800 F 


Based on the current rate of progress the top yperating temperatur most aircraft 
electrical systems will be about 400 F by 1965 Ihat’s a ‘ > % mprovement 
over the present state of the art. But it’s nowhere near good enoug i Moon 
of North American Aviation. He belic 
close to 800 vill be needed by 19¢ 1] he operating mperatu vill be 
ist 930 F by 197 
What's being done about it? Moon point 


of Aeronautical Weight Engineers that rea 


ves equipment that nd perature 


socict 
progi l ( i pment 


1 600-F, 220-v, 400-cvcle svstem. using advanced breaker 


resistors, capacitors, transformers, gears, and bearings Many of thes I Savs, art 
already in the prototype stage, and basic components (wir s, fuses, and the 
like) are now headed for 850 F. Companies participating in this proj or which 


NAA has management responsibility, include GE, Westinghouse, Sundstrand, Burnd\ 
Lycoming, Air Research, Hartman, and Jack and Heintz 


Diamond thermistors resist corrosion and abrasion 


By taking advantage of the semiconductor pro 

design temperature-sensing elements that are more r spons! 
stand severe operating conditions at temperatures to 450 | 
from Diamond Research Laboratories, Johannesburg, South 

The semiconductor properties of diamonds are well recog 

p 11). They do not have as large a temperature coefficient 
semiconductors, but it is still greater than that of platinum p 
and F. A. Raal of DRL point out, diamonds also ofter excc 


better than copper at ordinary temperatures ) , low sp 


resistance to extremes of pressure. 


\ prototype thermistor model, recently described in Review trumen! 


consists simply of a diamond cylinder surrounded by a iluminum 


copper wire with a titanium core, with a platinum wir 


} 
i 


} 


mnechon 


loop. Further development is under wa 


electroluminescent panels provide choice of colors 





A new approach to design of electr 


luminesce panel lights, which can 


provide light in several different colo 


Plastic sheet 


from a single pane}, has been patente 
by a General Electric engineer and 
now in the prototype stag 

[In previous attempts, layers of diffe: 
ent phosphors have been built into a 


. . re or 
panel “‘sandwich The trouble with Wire grid 
his system ivs GE inventor EK. G Embedding plastic 
Fridrich, is that light from on 
must shine through the other imi 
. : nsulating 
the light may be considerably dimin coating 


ished or altered before it reaches th 





panel surfac Meal core : ocquer 
The new ipproa h substitutes pl Os Phosphor /oyer /mbedd 

phor-coated wires, running directly in opper ribbon plastic 

the plane of view, for the sandwiched comnections 

layers. This way, light from one t PHOSPHOR-COATED WIRES serve as light so 


does not have to shine through the this electroluminescent panel design. Wires 











are a 


1 g ips of three to prov : ts « rec green 
others, and the wires can be assem in sroups « uM » provide do rt ” 


, ight as needed. By using closely spaced, very fine 
bled in a grid of almost any desired . 
the appearance of continuous color can be achieved 
condition to provide selective lighting diagram shows panel setup. Below is detailed cro 


ARG tion showing wire construction 
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Superconductive metals a ne 
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at room temperature? 
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ther possible ippri es to mprove 
fuel elements. Among those und 
test: uranium-sodium ponge’ el 
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rved temperature 
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, briefs . . 
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onditions. But electrolyt 





Strain-gage test 
fingerprints machinability 


As 


hinabilitv index 

Fuel-element problems ese IBM eng 
4 mp Strain-g 
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fit 
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ind nuclear proper gag ire installed 
cladding ised nad two vertically 
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ivs D. A. Radovsky of IBM, “y — the operation. Y-axis indicates pea 
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necessary to separate the uranium cat punchability.” aterial is XXXP paperbase lan 
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FROM WASHINGTON 











Engineers ask military for higher Mach aircraft 


opment engineers are 
velopment of manned airct 
San Diego between industry and representative nd k governmen 
luding Dr. Herbert York of the Dept of Def 
h of the three military services 
Discussions at the meeting were classified. Keportedly, however, the R & D repr 
sentatives hammered away on this theme: Though the US has the R&D capa- 
bility now to develop manned aircraft with speeds of Mach 6 to 9, nothing is being 
done about it. Unless some such projects are started soon, the US will again fall 
behind 1 technical area where it has had an edge on the Russian 
It’s too early to know whether the engineers won their point with the military. 
Sut there is ¢ ing pressure both from industry and Congress to develop manne l 
craft in the high Mach numbers. ‘The obvious snag is that such lane would b 
CXPCHisiv< I] 


progi i} 


Navy to offer Polaris launcher to NATO 


lhe Navy has put together a mobil 
It would | sed by NATO count 
vould ourse, be ympenhhior for 
trom 1] 

[wo dummy slugs have already been fired from a jerry-rig Polaris launcher at the 
San Francisco naval shipyard. ‘The mi 

ime wav thev are fired from subma1 f 
the 14-ton Polar \) ) ! thie i ero iwniting the ma 
the Na xperimenting | idew rocket engi 

Blast from this rocket engine is channeled into the base of the Polaris firing tubs 
to eject the missile. NATO officials wi e a demonstrat 
launcher this month when they tour US ba 

If approved by NATO, the Polaris missiles, strategic: illy stored, would be stuffed 
into the truck launchers by mobile cranes. \lobi ont in ild then ser 


1 series of missiles 


NASA gives go-sign for more liquid hydrogen fuel 
Liquid hvdrogen will be used to fuel more NASA spa 


i 
expected to contract for around 8 to 10 million Ib of the fu 


[his is two to three times the amount being produced now. Compani 


ilready been called in for preliminary talks on the matte 

I'he fuel will be used in upper stages of NASA vehicles such as Saturn, Centaur, 
Rover, Kiwi-A, and a 200-k engine under development. Higher thrust from the fuc 
is the reason for the stepped-up us« 

NASA also unveiled some of its long-range space programs during a classified 
meeting with industry recently. ‘The spa wency called in some 1500 industr 
representatives and laid out their programs and needs. Details on the meeting wil 
start coming out in bits and pieces any time now 

Later this vear, NASA will hold a series of technical briefings. ‘They v 

the various NASA laboratories spread around the country, such as Ames 
etc. Companies wanting to send representatives should get in contact with the 
Industry Conference Office, National Aeronautics and Space Administration, Wash 
ington 25, D¢ 
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Design Engineers: 


KEEP AHEAD WITH 41 
HAVELEX 


(formerly G. E. Mycalex) 


Haveg’s Precision Molded Rigid Inorganic Insulating Material 
offering these unique advantages 


® Dimensional Stability ®@ Dielectric Strength @ Low Power Factor 


@ 1000 F. Continuous @ Mechanical Strength ® Arc Resistance 


Temperature Resistance © Low Loss Factor @ No Moisture Absorption 


i” 


JUST ANNOUNCED 
Hoveg Industries has achieved 
@ significant milestone in its 
Research and Development 
leborctory with o new Hove 
lex molding 
Five metol inserts (three ter 
minels. @ mounting post, ond 
the outer ring are hermetically 
Recent noteworthy applications of Havelex pictured here are sealed with the Hovelex body 
A) lonizer Components air filter unit for home heating system now consider 
to unexplored design cor 
B) Disconnect Assembly nearly 5 inches in diameter with massive insets Soneese Sor 
‘ end close tolerances 
heart’ of this disconnect device used in el fered by Mevelex 
hoenced with hermetic 


ed metal inserts 


Hovelex provides the electrical insulating 
on the ground” service to military jet aircraft. If for any reason the power 
disconnection is made while the aircroft is drawing its electrical power from the 
airport installation, on instantaneous disconnection is insured by this device 

hence, protection against personnel injury or equipment damage 

C) Transistor Test Socket — three stainless steel tubes (010 wall) integrally 
molded into Havelex body. A key component in reliability testing of 

transistors in high ambient temperatures 


Havelex is composed of special glass reinforced with mica. Grey to white 
in color, this dense stone-like material provides an ideal insulator for 
wide ranges of ambient operating conditions and electrical stresses 

The unusual combination of properties in Havelex plus Haveg’s ability to 
provide precision molded tolerances and intricate shapes permit 

unlimited design possibilities. Complex metal inserts can be permanently 
molded in position, facilitating component assembly and assuring 


end product reliability 





Our forty years experience in custom molding Havelex to stringent : 5 
specifications, include an extremely wide range of applications...such as d 
Lightning Arrestors, Circuit Breakers, Potentiometers, Vacuum Tubes, , ae NN 
Switchgear, Terminal Strips, Arc Barriers, Actuators, Armatures, FIRST IN Lrg a0, od PLASTICS 
and Transistor Test Sockets 


Haveg engineers welcome the opportunity to work with customers to 
assure the most efficient and economical component designs. For technical TAUNTON DIVISION 


data on Havelex send for your copy of our new informative brochure. 
HAVEG INDUSTRIES, INC. 
336 Weir Street + Taunton, Massachusetts 
Other Operating Divisions. Blow Molding Division — Bridgeport, Connecticut + Chemical Materials Division — Wilmington, Delaware + Haveg Corporation — Wilmington, 


Deiaware 
Reinhold Engineering & Piastics Co., Inc Norwalk. California * American Super-Temperature Wires, Inc. — Burlington. Vermont » Hemisphere Products Corporation — Rio Piedras. Puerto Rico 
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» KCP SERIES KT SERIES KR SERIES 


three for dependability at low cost 
MEET P&B’s FAMILY OF “K SERIES” RELAYS 


Here are only three of a large family of “‘K Series’’ f y KR ENGINEERING DATA 


relays by P&B. Blood brothers all, they are "— = GENERAL 
. Breakdown Voltage 


distinguished by fine craftsmanship and design 


maturity. Together they will handle a multitude 

» : Temperature Range 

of switching requirements. : ; - ( 45°C to 85°C 

} A s—4 to 70°C 

Many design engineers find it saves time, saves . 
é , - erminals 

money to integrate their circuits with related PaB alti Pierced solder lugs stan 

' , ’ ) n headers availab 

relays. Makes sense, doesn’t it a a 

r 


Enclosures ype K 


KR—A small, lightweight relay used widely in 1 a Type P clear ce 
’mmunications and automation. Engineered CONTACTS 


r long life and dependability. 3PDT max. AC Arrangements 
Material s dia. fine silv 


the terials ava 


Form 
r DC. (See engineering data 


KT—Designed for antenna switching. Capaci Lead: 5 amperes 
tance: 0.5 mmfds between contacts. Terminal CoILs 
ard is glass melamine and stack insulation is Resistance 
ss silicone for minimum RF losses to switch < py Power 
00 ohm antenna line. 3 PDT max. AC or DC . DC at 


. Dut 
KC—Low cost plate circuit relay with sensitivity insuletion 


) mw per pole. Factory adjusted to pull-in 
n specific current values. Available open, her- 
metically sealed or in clear plastic dust cover 
with standard octal-type plug. 3 PDT max. DC PaB STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


(jj) POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA 
IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO 





THE ENGINEERING WEEK 


graduated 
Engineering Graduates Still Find Jobs Plentiful vith 12,65 
last veat rrads had 
New Yorx—By the end of Mav, i jobs. Less than 7% of the grads were May 20 
lustry had snapped up 62 completely at sea, with neither jobs EJC also finds that 
cars engineering graduates from a nor other plans till more sought than 
credited schools, according to word r From these reports EJC concludes or liberal-arts countery 
eived by the Engineering Joint Coun that demand for engineers is stil unable to assemble con 
om college placement offices. Of trong. It savs that although mor nonengineering graduate 
without job commitments, a tudents, both numerically and propor estimated 45 of bu 
irge number have other solid tionately, were employed at the end 3( of liberal-arts and 
10% will heed to graduate f May last vear, virtually all of this had job commitment 
ind 8% into the military ser ir’s class will be settled by fall. Last Ma he survey dat 


Another 11 We! nsidering ir, accredited schools in the surver Amot 


Manpower Committments of Engineering Graduates 


. —_—_—___—_—— ; a 
| 

Total With Considering | Entering | Graduate No Offer 

Graduates* Jobs | Jobs Service Studies | or Plans 


%e No %e No | No % No y 





14,541 59.0 |1,691 -9.8 (1,272 ; 1428 9.8 1572 10.8 
Total* 16,360 63.3 | 1,751 10.7 | 1,372 . 1,781 10.9 J 931 5.7 


| 
12,659 62.0 1,440 11.3 | 1,010 0 | 1,277 10.1 : 873 6.9 





8 8.1 29 6.1 


72 12.1 9 1.5 











9.0 














: 
: 





4,869 


3,940 





817 
939 


672 





3,353 
3,866 


3,238 








60 
oe | 2,013 
59 | 1,939 
60 | 1,754 | 929 


co not always total because of rounding 
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. pot entry past |ron Rust Is Blamed on 
iowed the irgest num . 
icceptances at survey tim¢ Subversive Protons 

had jobs; last year, PrrrsBuRGH—W hateve! 

hvdrogen ions o1 
ngineers showed th may be the culprits respons 
Gs any cugmcerag corrosion of iron, a nuisance 
ea Last yeat waste some $7 billion annual 
ommitments by sur US alone 
And 1] 


it} 


his theory has bee 


scientists at Westingl 
nsideration I 


h id Tit 


iboratori 
frons—orm 
itter pene 


ty 


npn 


EFFECT OF WATER VAPOR on rust 
I demonstrated Dy these two 
ame magnificatio 
electron microsco! 
: oxide coat 
happens 1 I cil oODul with tiny wl 
low ! i 


} 


the metal 
plus and minu 
under the influen 


AEC Tests Pressure- ea 
‘ quid him of wate! 
Suppression Safety System , in sinha 


WASHINGTON A new safet ron [he new the 


} ' Westinghouse r 


n inctioned bi 


Commission for Gulbransen and |] 
1 + ; ry + ? 
& Electric has come up with ha ymething 


+} } 


uppression system lat re 


+ 


traditional 
pres 
Their 

inated the condition 


ctrochemical 


omplex 


n atmosphere (see photo 


lhe moisture produ 


oating from 


ION ¢ t vy. round oxic 


German Family Forms 
Foundation 


than one-millionth 
millionths in. high 
Bonn DI ( yuI on. the I TON from a singlk rm 


Germany, | te on the wire’s surfac | han SO times the 


itd 
two Thvssen heir individual seeds sprout I } k produced 


stimated at $2.4 miullios ground into separate plat Ol reaching surfa 
finance research 1 I [hen the wires wet 
identical conditions, except | Cl rust they 


ipor was ubstituted fo ( rv OX tin re than formed 
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1 hie expermnent 1owc 


than one part of water 
ot thy dry OXV oC 


| th 


ipo! ll 


nl iftmos 


iuse the blade-shaped 


form At room temperatur 


would correspond to 
midity of about 3 

We conclude that 

r vap 


chemi ii TCA 


th 
tion 
} 


the oxvgen and iron and bring 


the 
Dr. Gulbransen 


} 


ower temperature 


metal greatly in 


| 
de 


rally sts, this basic reactien 
isked Complex orrosion product 
formed and are not stable, and th¢ 
orroding metal is often removed from 
the reaction site. Once such basi 
inderstanding is at hand, we should 
be able to do a much better job of 
mtrolling corrosion, Already we can 
identify two control measures which 
nust be considered in addition to any 
lectrochemical effects that are in 


} 


olved in iron rusting: Hydrogen must 
be prevented from entering the metal 
nd the growth of the localized rea 

m sites inhibited by adding suitable 


illoving elements to the iron.” * 


NATO Plans Expanded Research Programs 


Paris—NATO may st 


1 
Ihioy DI 
HiHon icn 


Ford Motor Co’s prototy pe 


was developed to meet 


float with a full load. It 
peller and rudder so that when 
up to6 mph. The Ford d 


PRODUCT ENGINEERING + AUGUST 8, 1960 


D 


Army specifications that it must 


s design permits 


sign also offers interchangeability 
of parts and modular construction of drive line (PE—Sep 
'59, p 21). General M 


tors’ prototyv! 


medium-series 


mounting a pro 
in water it develops speeds 


left, is equipped 


n of grants for studies in math« 


ratic physics chemistry biology 


tronomy and engineering, with em 
m pure rest irch 
econd program giv ibout 
100 a vear for advanced stud 
iinars bringing together top pe 
in natural sciences. Five seminar 
n theoretical phy ICS, W 
his VCar, 
subject ranging 


ic astronomy to plasma ph 


eminal 


ie third program, st irted this year 
th a fund of $500,000. gives grant 
irch laboratories that want t 
ooperative project 
NATO countri 
gram include a study 


ind an institute in 


by 


truck (right) 


to replace or mail 





Air Force Pinpoints Who's 
Working Where and Why 


\V ASHINGTON Lh Au 

iunched a new 

gned to pinpoint minute 
urrent technical information about 
ojects in the field and who is work 
It's nothing more com 


yf IBM ( id 


nformation 


g on them 


i omputer, 


t¢ ie 


pin out e organization 
} ] 

number, and name of engineers 

ts working in any one of 

chnical fields and as many 

| l h ne 
Oth 
ARD¢ 


Air For 


Tl 


in-house 


with a V-6 diesel powerplant, and rubber-sealed all-alumi- 
num cab and cargo body. Need for chassis lubrication has 
een eliminated in the GM model by use of Teflon bearing 


material; brakes are sealed and ventilated, universal joints 
are permanently lubricated and there are no engine belts 
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Explosive Forms Missile Domes Faster 


eee 


Air Force) and ne 
Space is provided for 


} 


ul areas company End closures for Polaris solid-propellant rocket chambers are formed by an 
plus suggested new ke explosive-forming process (called Ex-o-form) developed by Aerojet-General 
vstem Corp. Process begins with flat sheets metal placed on a dié¢ The entire 
ae ee ee unit is submerged in water or other fluid, and an explosive charge placed 
a ae i Desi precisely above the flat metal blank. The ast forces the metal blank into 
the shape of the die cavity at speeds 300 to 500 times greater than achieved by 

conventional forming methods. The process, developed here at Aerojet 
General’s Chino Hill laboratory, has formed Polaris domes 0.040 in. thick with 
a uniform wall thickness over the entire dome of + 0.002 in. E> form |} 


ids 
produced domes up to 0.500 in. thick. 


inh! 
fluids, anal 
ition of radiation eff 
tion of design data. 
Once the program 


+} y 
n ! Air | 


OEEC Spurs European Technical Development 


been m Parits—lor fiscal 1961, the Organiza v are expected to join the group 


CATE. offices tion of European Economic Coopera iallvy, OSTP will send a team to 
Command at Andrews tion (OEEC) has budgeted just under 


t 


irficipating countn to pin 


se in Washington, the $1 million to bolster Europe’s techni need for specialized man 


+ 


in the CATE retr 5 cal and scientific manpower resource Y it relates to projected eco 


three months ( Projects range from development of nomic growth over the next 15 vears 


simple kits for physics experiments to ( the experts hope to come 
detailed studies of manpower needs up with an estimate of how much 
month test period, abou n Mediterranean countries 


national product should be spent 
CATE cards were revised Of the project 


10, m education to keep the economy 
ionth period to show t OEFEC expresses high hopes for th growing at a healthy rate. With such 


or personnel shifts Mediterranean regional project, which nformation, government planners 


can 


$3 maior technical is sponsored bv its Office for Scientifi pilot sound educational strateg 


le prog! ir ind ‘Technical Manpower (OSTP OSTP will also attack the 


ipons, material Greece, Italy, Portugal and Yugoslavia ence training at grass-roo 


proble ae 


an esearch. propu have alread igned up: Spain and n Southern Europ Included j 
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program to transtat 


te secondary schoo Fiat Wagon Puts Engine Under Floor 
mathemati ind physics texts into 
Greek, and a seminar for Greek mathe 
matics teacher center to produce 
and repair teaching equipment is 
proposed to lurke' 

lor countt where advanced train 
ing is the big proble m, OSTP projects 
include visiting fe llowships for senior 
icntists. ‘The manpower unit is also 
urging l growing points 
centers wl several countries poo! 
efforts for advanced and highly spe 
cialized studies In operational re 
search, for example, a one-year g idu 
ite course will be set up in England 
to train specialists from OEEC coun 
trics And OSTP is he Iping Benelux 
countries build a ros intenna with 
rms YS ft long and 9S ft wide fo 


radio ISTTONOMY TCS irch 


Art Erickson, Paris Bureau 


The Fiat 500 station wagon is equipped with a flat, 500-c 


Engineering Curriculum nder the floor in the rear To allow 


° ° and auxiliaries, from fan to carburetor, had to be re: ig 
Changes in Russian 76%-in wheelbase, max speed of 60 mph. It weighs 1224 
Educational System comfortably. Dimensions: approximately 9} ft long, 434 ft 
Other problems posed by the unique engine included keeping 
New Yorx—™Marked g ire be body, air-cooling and guarding it against sive dust, prov 
+ made in the Russian higher educa to the engine without disturbing exterio li 


this, the 


stem, reports a recentiv returned 


eers Joint Council exchange-mis ie 
> engineering. About 1/3 of 
Major chang d Walter 


ngineering graduates ea 
hemust arn 


i 
; ; women, and although few hold 
chairman of the group, | the strength 

positions they are in a wide rang 
cning of eoretical and mathematica 


} 


jobs. Lobo pointed out, however, tha 


SPCC the gineering curriculum , : 
many more are in the medical profes 


1S 1S ymmplished by tl tudent : 1 
Uh plist ( the studen mn ibout SU f all doct 


spending 14 months in industr 


yuurses In DITO 
? oc Plastics Institute is Seeking Industry Go-ahead 

New Yorxk—A nine-man committe 

lan system ¢ 1S from the plastics industry has | 
but for the USSR it is at polling 2300 industrv ex¢ 
t marriage of industry and upport of the proposed Plastics In 
education. The use of students and tute (PE—May 30 p 21 rhe insti 
professors to study the problems of tute, the committee says, would carry 


special industries permits more tim« 


be spend by industry engineers in han sponsor a graduate educational pr 


yut basic research on plastic material 


dling day-to-day problems gram in cooperation with a selected 
The strong technical school setup university; and provide a technical li 
said Lobo, is graduating some 250,001 brarv and information service 
technicians a year. This compares with Pointing up the need for such 
the US average of 15,000 a year. Many institute, the committee note 
of these technical school graduates go uccessful cooperative research has long 
on to ¢ ege, but many are most effec been supported bv the I uropean pl 
tivel) ) n research, design and tics industry leamwork in support members 
manutacturing to free engineers from of basic research and education is now » its supp 
the minor technical problems that con essential here if industry is to meet ] 
tinue to crop up foreign competition, the group sa\ 
USSR making good use of if It finds that professional plastic 


womanpower in the various fields of engineers with practic i] skill 
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CONVENTIONAL HOMES-ON-WHEELS 


have a basic design contradiction to 


spacious enough, they must be 


long. But this accordion-style 


offer a solution Made from aluminum and 
plastic, the mobile shelter fans out to make 


room for six sleepers. Pane 


terior sides of trailer when 


ing equipment and also to pi 


from sun and rain. Entran 


Is t 


on 


ovide protectio1 


to 


excessivel 


model ma 


hat form ¢« 


the road li 
upward to permit access to cabinets and di! 


sleeping 


losure is through cente sections of the 


panels. Shelter is a design 


rgestion 


at this stage: no plans for manufacturing 


marketing have been 


Assoc, Chicago indu 
minum Co of Americ: 


FREEZE-DRYER for biological specimens h 


signed to simplify construction and to add to 


Pedestal containing controls and indicator is 


esigi 


now 


Henry Glass 


ers, for A 


been rede- 


its mobility. 


also used 


to support one end of vacuum manifold. Engineering re 


evaluation indicated that smaller nitrogen and oxygen tanks 


would suffice so they have now been integrated into cabi 


20 


ony 



















































































net. Doors are on lift-out hinges and a n i emov 
able. Extending panels above and in front o work 
surtace provides retaining edge and oper com 


but over-large wil } loo . i irom 
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AMERICAN TELEVISION SETS 

symbol in Italy that in the US-de 

hown at left the tuning instruct 

in English, and the channels are still ad by numbe 
although Italian stations are customaril lesignated by 
letter. Keith Kitts of Lawrence H Wilson ssoc, Detroit 
industrial designers, designed both this Italiar 

domestic American model (show! ibove) 

Corp. The older-looking table model cabinet is m 
mahogany. One of the reasons f¢ s ntinued popularity 
is the lateness of the Italian dinn« yu which runs ove! 
nto the best program hours. The f an laced or 
dining room furniture, or tucked int , rne n its own 
legs, as shown here secause of er labo osts, Italian 
set's extruded aluminum escut ol framing members 
plastic tube shield and control panel are fitted by hand to 
cabinet. In comparable American s diecastings eliminate 
much of this hand work 


SEMIAUTOMATIC SHAPER 


was developed Vy engines 


icturer, Onsrud Machine Wo 

Knapp Assoc, industrial 

daetermine not only appearance l ilso bask 

design. Studies of n 

shipping costs and visual ign « rations resulted 
in decision to construc ! il f formed and welded 
1,-In. plate steel. Cutter spindl - neumatic-hydrauli 
ictuating system and mot i" >» mounted in and 
on central pedestal. Operato ads and unloads from side 
hown. All plumbing and el it cuitry : in mail 
horizontal support um on top of vy lf machine 
way Access panel i in bac of mat ! Machine is 
said to turn out Sie 

stretchers and back | 


than hand shaper 


oveneennete 


MOBILE COMPRESSOR gets its power from 
rotary-screw pumping unit whose horizontal 
position helps to keep over-all height to 6 ft 
14 in. Upper half of sheetmetal enclosure is 
emovable for maintenance. Independent coil 
pring wheel suspension permits fast towing 
Designed by industrial designer A. B. Kirk 
bride for Holman Brothers Ltd, England 
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Editorial Views 
| the 


FOR RIGIDITY... 





Equally weighted, a Kennametal rod and a steel rod of equal size quickly demon 
strate the greater rigidity of Kennametal. The Kennametal rod registers only \4 
as much deflection as the steel rod. 





KENNAMETAL 


USE KENNAMETAL | 
lp 





As a design material . . . Kennametal has many searched-for physical 
properties. Rigidity is one of them. 

Three times as rigid as steel . . . Kennametal has a YME up to 94.3 
million psi as compared to 30 million for steel. This property has 
already solved many problems of deformation, deflection, bending, 
vibration, and chatter. There are two ways it might solve a problem 
for you. First, by permitting increased loading, as Kennametal deflects 
only 144 as much as steel under the same load. Or, if deflection and 
loading are acceptable, a part made of Kennametal will require less 
mass than other materials. Thus, machine elements may be miniatur- 
ized where compactness is essential. 

Rigidity is but one of the many exceptional properties of Kennametal. 
When you need great resistance to heat, corrosion, abrasion, erosion, 
and compression . . . chances are Kennametal may be the answer. 

To help solve an immediate problem, or a future need . . . we’d like 
to send you Booklet B-111B, “Properties of Kennametal,” and our 
new Booklet B-666,““Proven Uses of Kennametal and Kentanium.’’* 
Write Dept. MD, KENNAMETAL INc., Latrobe, Pennsylvania. 


*Kennametal is the registered trademark of a series of hard carbide alloys of 
tungsten, tungsten-titanium, and tantalum. Kentanium is the registered trade- 
mark for one of the series that has special advantages for applications requir- 
ing a lighter weight material, or maximum resistance to temperature extremes. 


3508 


O INDUSTRY AN 


KENNAMETAL rome 
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Emphasis on tl point may not be a 
wonder-drug for su incerous condi 
tion, but it may help us to keep sight of 
the good that ther in the world and so 
| um degenerating 
FRANK SEIDEN 
roscope Co 

] 


lo the Editor 
Hurray for 
Mediocrity.” You inspired 
1 poem was born 
Caution’s the sign, now let 
Remember the budget and t 
urve 
Don't de Viat 
guess; 
Just think of th 
mess 
Recall the 
igain! 
W hy tak 
Amen!” 
Onward 


ent 


The difficulty was not in forming the waist but in forming it without 
destroying the integrity of the mesh. That was the problem 
and we solved it by developing a special rolling process. 


Ours is a two-fold service: (1) we weave our own cloth in meshes 
ranging from 4 inch openings down to 400 mesh, most of it in any 
commercially available wire; and (2) we have highly experienced 
fabricators, especially skilled in preparing the wire cloth insert such 
as illustrated and then assembling it into the final piece. In other words, 
COMING EVENTS we are equipped to supply Newark Wire Cloth formed into special 
AUGUST shapes and sizes and then, if desired, insert or assemble them with 
ee ge the other elements that make up the piece. 
rove Hotel — nro a If you have any such project coming up, why not let us show you what 
ee ee re we can do? And incidentally, one of the phases of our service that 
hanical Engineers and AIChE, Heat many times has been of help is in working with the customer's design 
nsfer ynference and FE xhibi tlet 
Hilton Hotel, Bufalc, NY 


23-26 .... Western I tronics Con ; : . , 
iene ein Cede” Cee tei Ww design will assure either a better piece or a 


staff on the important matter of shape and an- 
choring method. Sometimes a slight change in 


S0Bent. 1... . American Society of lower assembly cost. 


hanical Engineer Internatio1 
Transfer Conteren . Uni 
rado, Boulder, ¢ 


— RE vire Gloth 


. Pere National nil lool 


Builders Association, Pre on I ng! Cc © M PA NY 


neering Show, International pee hithea 


Chicago 351 VERONA AVENUE e NEWARK 4, NEW JERSEY 
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improved structure nd materia 


pace vehi les ndemiably su } 
roblems call for | ind expensi 
earch programs, and echn 
mav already be ad\ 
ossible under pressurc 


government contract 


small, peripheral prob 
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BH—3.5 x 106 G.Oe 
He—2000 Oe Br—3900 G 


APPLICATIONS: 


LOUDSPEAKER MAGNETS 
MAGNETIC SEPARATORS AND 
OTHERS REQUIRING HIGH BH 

PRODUCT AND COERCIVITY 

Look to D. M. Steward Manufacturing 


Company for all of your Ceramic 
Magnet requirements. 


Write for F-500 brochure to: 
D. M. STEWARD MFG. co. Have you a problem, based on known scientific principles, which seems to have an answer 


3640 JERROME AVENUE somewhere within the limits of present technology? To inspire inventors along worthwhile 
CHATTANOOGA, TENNESSEE paths, PRODUCT ENGINEERING invites you to trade such problems with fellow readers who 


have a fresh viewpoint or more time to experiment. We pay $10 for each one accepted 


24 CIRCLE 24 ON READER SERVICE CARD CIRCLE 25 ON READER SERVICE CARD-> 





IN INCHES 








CAMERON'S NEW VIEW 
OF FERROUS FORGINGS 


Cameron forgings are not like 
other forgings. In the tradi- 
tion-bound world of metal 
working they new 
properties, better quality and 
unusual shapes. They have 
opened new design vistas 
when high stress, high tem- 
perature or large intricate 
components were a concern. 
In less demanding applica- 
tions also, benefits have made 
their appearance in the form 


possess 


of easier machining, less fab- 
rication and geater strength, 
resulting in less material and 
lighter weight. 

Cameron forging technique 
requires a complete opera- 
tion from molten steel to final 
inspection. Presses, furnaces 
and auxiliary equipment of 
our own design give com- 
plete quality control and in- 
dependence in production 
schedules. 

If Ferrous forging design, 
produceability or purchase is 
your responsibility and un- 
usual demands—economic or 


physical are problem, 
write, call OVer- 
land 6-5511) or come bv. 


Voul 
Houston 


Over ten vears of successful 
case histories and a staff of 


competent specialists will 


you a 
vou get the 
forging dollars. 


give new view- help 


most for your 


IRON WORKS, INC. 


SPECIAL PRODUCTS DIVISION 
P.O. Box 1212, Hor 


ton 1, Texas 





Relief valve, using VITON O-ring, vents 


The ideal pressure-sensitive relief valve for sealed, 
oil-filled be 
should withstand normal pressure changes, yet 


transformers should “selective.” It 
respond quickly to emergencies. 

General Electric’s Medium Transformer De- 
partment at Rome, Georgia, designed a mechan- 
ical relief valve that would not only solve this 
problem of selectivity, but would actually reset 
The 


pended on an O-ring able to maintain a tight 


itself after discharge. valve’s success de- 
seal in spite of repeated exposure to hot insulat- 
ing oil. With an O-ring made from VITON syn- 
thetic rubber, this novel spring-loaded relief 
valve has proved itself both faster and more 
reliable than previous devices* 


i from the ELASTOMERS NOTEBOOK 


ELIEF VALVE 


A 


excess pressure from transformer 


OTHER APPLICATIONS OF VITON 

VITON’S outstanding resistance to heat, oil 
fuels, solvents and chemicals has improved the 
performance of a wide range of industrial equip- 
ment. and seals have been 
molded from VITON .. 


fabrics 


O-rings, packings 


. tanks have been lined, 


been coated and wire has been 


all VITON. If 


problem involving high temperatures and cor- 


have 
jacketed with you have 

rosive fluids, VITON will serve where other elas 
tomers fail. See your rubber goods supplier ior 
information, or write for our booklet of specific 
data, with current and suggested applications 
EK. I. du Pont de Nemours & Co. 


Chemicals Department PE-8, Wilmington 98, Del 


Ine.), Elastomer 


VITON O-RING 


USES 


4242) 


| 3. SLIDE 


SYNTHETIC RUBBER 


NEOPRENE HYPALON 


REG. u. 5. pat. OFF 


VITON ADIPRENE 


Better Things for Better Living .. . through Chemistry 


CIRCLE 26 ON READER SERVICE CARD 


CIRCLE 27 ON READER SERVICE CARD > 



















4 


rrr es ee ee ee ee 


WICHITA CLUTCHES AND BRAKE SAVES THOUSANDS 
ae 3 dt 
ON DIES AND STOPS “BACK BENDS". . . 


eG = 





A Wichita-equipped, Cincinnati Automatic Cycle Press Brake has saved 
over six thousand dollars on just one part through the use of simple 4 . " ——$———— 
press brake dies at National Cash Register Company. Wichita Clutches 


Fast and slow ram speeds are accomplished with Accurate and positive control of the Wichita 
every stroke, permitting fast forming of long, flex- Clutches and Brake together with their trouble-free 
ible parts without “whip-up” and “back bends” operation make this application highly successful 
This performance is made possible with the help For any industrial clutching and braking problem 
of precise control qualities of the Wichita Clutches where peak efficiency is of prime importance, it 
and Brake. will pay you to consult a Wichita engineer 


Call your nearest Wichita Engineer. Donald E. Harman, Dalles, Texas 
Y — C. Arthur Weaver, Richmond, Virginia 


Clutch & Control Engineering Co., Livonia, Mich. Larry W. McDowell, Long Beach, California Malcolm S. Cone, Memphis, Tennessee 
Fremont & Lewis, Inc., Cincinnati, Ohio Andrew T. Lobel, Denver, Colorado Dominion Power Press Equipment, Ltd 
W. G. Kerr Company, Pittsburgh, Pa Robert R. King Co., Cleveland, Ohio Burlington, Ontario, Canada 
Smith-Keser & Co., Avon, Conn., Norman Williams, Houston, Texas R. E. Kunz, Seattle 4, Wash 
Philadelphia 44, Pa., and New York, N.Y. Allied Transmission Equipment Co., Norman Rupp Co., Portland 4, Ore 
Frank W. Yarline Co., Chicago, Illinois Kansas City 8, Missouri Bates Sales Co., St. Lovis 1, Mo 


“ALCOA ALUMINUM SCREW MACHINE STOCK 
ALLOY 6061... FOR VERSATILITY!” 


' 


Precision-made, high-volume screw machine parts cost low cost. Aluminum Company of America, 841-H Alcoa 
less in aluminum Building, Pittsburgh 19, Pa 


Here’s versatility! Alcoa Alloy 6061-T6 or -T651, be 


ing lightweight aluminum, gives you three times more AS AN ALCOA CUSTOMER. YOU GET ALL THESE 
parts per pound than other, heavier metals. And this “EXTRA BONUSES”: 


alloy gives superior finishes . . . can be joined easily by 
welding, brazing or soldering . .. may be anodized in a Wide range of stock sizes for important price ad\ 
wide variety of colors . stands up to service under 2. Guaranteed market for up to 60 per cent of 4 
corrosive conditions! Machining speed, light weight and Aluminum turnings and borings 
end-use adaptability . . . all add up to faster production, 3. Extensive mill and distributor inventories 
lower machining costs, higher profits. paqueaemnems 

Want to make cost conversions from brass to alumi Midis $0: leniatin ak oh eatin ene 
num and compute costs quickly? Ask your Alcoa dis 93 
tributor or Alcoa sales office for your free Alcoa Conver 
sion Calculator. Get your free Alcoa Screw Machine 
Stock Estimating and Operating Data Book, too . 
packed with technical data on aluminum screw machine 
stock. And ask about other Alcoa alloys: 2011-T3 or 
T8 for superb machinability and still faster cutting, SCREW MACHINE STOCK 


2017-T4 or -T451 and 2024-T4 or -T351 for strength at 


4. Chamfered ends at no extra cost 


; In.; hexagons up to 2 in.) 
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ANTI-SUICIDE CAMPAIGN 


Friedrich Krupp, who built Krupps, Germany’s largest company, has 
long been known as a warmonger and gunmaker. ‘The lattet 


idmittedly correct. ‘Cannon of his time were bronze, short-lived 
and almost as lethal to their cannoneers as to the enemy. Krupp 
offered far-better cast-steel weapons to his state, Prussia, first at a pt 
but then as a gift. The stiff-necked heads of state wouldn’t listen, 
so he sold his guns to others. There were some small wars in which 
Krupp guns served both sides—but they proved out his beliefs of 
higher quality so well that they sold cast steel as a material 

Here, long ago, was the paradox with which we are now quit 


+ + 


familiar—that new ideas and new materials must often be sold fir 
the military. If Krupp was a warmonger for making such sal 
ire a number of present-day companies 

So are a number of present-day engineers and scientists. Mam 
have felt that way, and started or supported organizations against wai 
All such groups that we know about have attempted to perform the 


gt 
missions by reason, by propaganda or by picketing government plant 
or offices. But all have been ineffectual, because the sentiment 
the other wav has been stronger. 

This is not to imply that anyone wants war, but just that 
of us think it foolhardy to abandon all major defense efforts 
unilateral basis. In a world with wolves, it’s unwise to p 

Now, however, a bold and somewhat visionar 
ind the threat of war was being talked about 
meeting at Purdue. Proposed by engineering 
is simply that engineers cooperate in developing 
impossible—search and reporting equipment, for example 

Because engineering is an international profession, with 
national language and point of view, a project such as this 
ing. Add to these the objective and analytical approach and non-politi 
cal attitude of the average engineer, and the project become ven 
more interesting. 


; 


It isn’t practical; no idealistic and visionary project ever is—a 
the beginning. Yet, viewed dispassionately, it is no more visionar 
than what we are trying to do now—arrive at world peace by confe1 
ence and treaty—a system that never has worked despite the faith of 
the world’s people in it. 

Che only agreements and treaties that have ever been kept ar 
those in which violation would lead to obvious mutual disaster. We 
are clearly approaching that situation with the H-bomb and _ the 
intercontinental missile. Just another invention or two, and even 
the most self-centered nationalist will be able to read the handwrit 


ing on the wall. If engineers and scientists can force that rea 


tion they may preserve man from race suicide 


/ Eansn. 


August 8 


1950 





OZALID 


NEW IDEAS TO HELP YOU WITH ENGINEERING REPRODUCTION AND DRAFTING 


Get clean, sharp prints fast... 
with high-speed 200 SS paper. 


Want more readable reproduction directly 
from poor originals... with super speed, too? 


“Doing the difficult immediately”’ is 
one phrase that aptly describes 
Ozalid’s Blue Line 200 SS paper. 
Want multiple copies of semi-opaque 
documents...in a hurry? 200 SS 
paper will do the job with less machine 
speed adjustment... less chance of 
error! Stuck with an old, yellowed or 
soiled original that must be repro- 
duced clearly, or a machine with a 
low-light source (ultraviolet or fluo- 
rescent) ? 200 SS paper is the answer! 
In fact, this super-speed diazo paper 
gives you improved quality and fast- 
er printing speeds for a host of tire- 
some copying chores: letters, bulle- 
tins, announcements, mimeograph 
and offset printed bond papers... 
not merely faster but cleaner and 
more legible as well. 


Reading the rocks at rocket rate 
One outstanding example of Ozalid 


« 


200 SS paper’s super-speed useful- 
ness is in the field of geology . . .where, 
in the exploration for oil and gas, it 
has had an enthusiastic reception. 

Today, internationally known 
companies like the Schlumberger Oil 
Well Survey Company are employed 
to read every rock formation, every 
stratum of sand or substance beneath 
the surface that tells them first where 
to drill, and later, in the drilling 
operation, when to stop. In these 
operations, recording machines based 
on the Oscillograph principle record 
sound and light waves on photo- 
graphic paper or film. Geologists can 
then read and interpret these records, 
known as ‘“‘well-logs,”’ with a good 
measure of accuracy. 

Since drilling operations run as 
high as $40,000 per day, speed of 
communication is understandably 


important. That’s where Ozalid 200 
SS comes in. As the ‘“‘well-logs’’ are 
taken from the recording devices, 
they are immediately processed and 
dried in field trucks. Duplicates are 
made in seconds right on the trucks 
on Ozalid 200 SS using Bambinos 
and/or Ozamatics®, and then sped to 
geologists for interpretation. Copies 
are simultaneously dispatched to drill- 
ing contractors and well owners. 
Thus 200 SS shortens the critical . . . 
and expensive... time interval be- 
tween the recording of well pressures 
and the geologists’ ‘‘make or break” 


decisions. 


All this ...and economy, too! 


Naturally you’d expect that with all 
the outstanding benefits Ozalid 200 
SS can give you, the cost would be a 
little higher. Not the case at all. It 
actually costs no more—and you save 
in many other ways as well. We'd 
like to quote from a truly unsolicited 
testimonial letter received from Mr. 
R. C. Purvayn, Purchasing Agent for 
Packaging Corporation of America: 
“We have found this paper to be of 
a nature that we can take letters, 
customer orders, etc., and run them 
on our Ozalid machine without the 
use of any type of masters. We have 
recently discontinued in a large 
measure the use of our ‘(COMPETI- 
TIVE NAME DELETED 
which costs us in the neighborhood 


paper 


of four and one-half cents per copy. 
Another added benefit with your 200 
SS paper is that in filing we incur no 
wrinkling problem which has been a 
troublesome factor . . . we appreciate 
the savings which we have made with 
the use of your 200 SS paper... .” 

To sum it all up, Ozalid’s Blue 
Line formula 200 SS paper facilitates 
higher printing speeds plus better 
image density for easiest reading... 
means time and money savings for 
you. If you’d like a convincing dem- 
onstration, may we suggest that you 
contact your Ozalid representative? 
He’ll be happy to oblige ... without 
obligation. 


Ozalid, Johnson City, New York. A Division of General Aniline & Film Corp, 
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the simple math of the 


PRODUCT 
NN Sl ee 


RESPONSE EQUATION 


No matter what your field, this equation is bound to come up. 


It’s easy to solve by classical math, but look at what a few 


graphical tricks can do to eliminate tedious slide-rule work. 


RICHARD M KOFF, assistant managing editor 
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2 SPRING AND DASHPOT are the 
simplest physical systems having 
the lagging time constant. 


R (ohms) 





Orie 
(Forads) 





% 
i 








/ 


o* Tag 


2 RESISTANCE-CAPACITANCE CIRCUIT time con- 
stant is ohms times farads equals seconds. 
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The damped spring is the usual example. One end is 
attached to a dashpot with pure viscous damping; the 
other end is moved to a new position. What happens in 
the dashpot? 

The force equation is simple (Fig | 
ipplied to the spring to force applied to dashpot gives 


; equating force 


, deo 


dt 


= = k 


d/dt and T 


Or, in operational terms (p 


I is called a time constant because it has the dimen 
sion of seconds and because it is a direct measure of the 
lag in the system. In effect, y, calls for a certain response 
lhe spring wishes to supply this, but it is delayed by the 
dashpot. The delay is a function of the time constant 

I'he electrical R-C network is identical (Fig 2). An 
input voltage, V,, impressed across both the circuit ele 
ments in series, calls for a response across the capacitor 
which takes a while to appear. Here the time constant 


equals R 


C, also in seconds. 


Step Response 
Let’s see how the response to a step function looks on a 
graph as a function of time, t. The classical solution to the 





SYMBOLS 


a—acceleration, in/sec? R—electrical 
'—electrical capacitance, resistance, ohms 
farads t—time, sec 
viscous drag coefficient, T—time constant, se: 
lb-sec /in v—velocity, in./sec 
unbalanced or V.—output volts 
applied force, Ib V;—input volts 
g—gravity acceleration, W—weight, Ib 
386 in./sec?* Y¥o—output 
k—spring constant, lb/in displacement, in 
M—nmass, l|b-sec?/in. y;—input 
p—operator, d/dt displacement, in 
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4 GRAPHICAL INTEGRATION 


1ightedge by drawing a 


1t this out once, point 


I 
characteristic 
when ft I the 
nal value At t 2T i 
he first important idea her 
t takes one 
It takes the one 


spring is extended 


time co 
time constant no matte! 
Note 


is the 


that no matter whi 

distance 

of the di 
I’ and 


is chosen reference, th« 


one time constant is always 63.2 


n initial value and 1.0. Between t 


is that the lope of 

instant will, 
horizontal 

ght of that instant 

in the slope makes a line between the origin 
t fe LOOO 

sy to prove from the original differential equa 


ivS inters 


constant te For exam 


rig 
Lip’ 
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A POINT-BY-POINT 
PLOT of the solu 
tion with time indi 
cated in multiples 


of the time constant 


) Alma tion l 
duce. In Fig 4 | 


ich segment is J 


+ + 


center 
ym that 


and 


each segment al 


int to the start segment 


w the moother and more 


segment [ ously a much 


urate curve 1 with shorter segment 
comes to the f 
urate method 


but 


», note 


oO let 
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what about 


mining 
other 
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response function 


input curves? Sup} moves in an irregular 
dictable, 


No equation exists t 
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+] ] + } 


ne da hnpot DC 


fashion hown by the 


io) 


motion of 


upper cu 
How can the 
determined? 

of plotting works just 

in their 
time con 
enter of 


he segmenta tem 


lo make input and output curves appeat proper 


time relationship, the input curve is moved on 
right and points are plotted at th 


Now take 


tarting at the origin and pointing 


tant to the 
ich O.1T 5 cement 
th the 


t the 


a straight edge, and 


initial segracnt 


first cross, start drawing T'/10 segments of the curve 


In about 10 minutes you will have plotted a function 
that would have taken hours to solve mathematically 
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IRREGULAR 
CURVE as input can 
be solved as simply 
as the step 

function 








6 VELOCITY INPUT is followed by a velocity output 7 DAMPED-MASS SYSTEM 


that eventually parallels the input line have the same respons 


Velocity Inputs ing functions in exa 


tor will turn out to b 


The irregular shape of the gene: 1 forcing function 


solved above suggests that other, more regular, curves Consider the mas 


’ ee: ig } tion < 
might also have interesting results. For example, how does Mig he equation 


] 


the system respond to a steady velocit input? 


As shown in Fig 6, the input (4 rises in a straight 


line—and it could do so indefinitely as, say, the constant re F is the component 
i il { pV 


speed rotation of a shaft with a torsional spring (or the travel f is a viscou 
deflection of a long thin shaft) and the viscous drag of contact. thicknes 
bearings. The response curve starts with zero slope (y, ‘he net force produc 
' . ou I . reine 
\ 0 at the origin) but rises rapidly. It approaches 


asymptotically a line parallel to the input and displaced 


equation 
Rewritten 
just one time constant to the right. If vou draw such a 
response curve with the slope method described above 
vou will see why this must be so. The response curve 
lhe operator 
outputs have tak 


} 


locity, instead of 


always aims along the asymptote 

In this instance the asymptote is the steady-state r 
sponse. After infinite time the response will still be riding 
on the asymptote just one time constant behind the fore 
ing function. Of course, if the forcing function changes 
direction the response curve will react accordingly 


next 


Velocity and Acceleration In Fie 8 


So far we have considered our inputs and outputs to be haft. ‘he damping 


displacements, but velocities in many systems follow for« friction coefhicient can ea 
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FALLING WEIGHT is a damped 
mass—damping is in the bearings 


Man 


inertia systems in which the desired motor speed is a 


servomotors respond as if they were damped 
forcing function related to the input voltage. The called 
for speed is approached by the rotor with a time constant 
made up of inertia, damping, inductance, resistance—char 
acteristics that may be lumped into the one equation 


parame ter, T 


Second-order Equations 


Once the system includes a linear term (a spring force 


] 


is a function of displacement) as well as velocity and accel 


eration terms (viscous drag and mass), the equation is the 


familiar second-order form 
d*y 
VU 
dt? 


Or, in operational terms: 


If the system 


the quadratic can be factored into 


is overdamped, so that no oscillations ar 

possible, 
y 

Where T, and T, are functions of the three system parame 

ters f, k, and M 


means T’, and T; are positive, real numbers 


rhe limitation to overdamped systems 


EDITOR’S NOTE: New mathematical and simple arithmeti 
portation-type problems. S4 


tools for the practicing engineer have 
Latin 


10 wm 


77 lb 


LI 
J5/b-sec/in potas 





SECOND-ORDER EQUATIONS can also be solved graphically in a 
two-step method if the system is critically or over damped 


The effect of this factoring is 
able by a two-step graphical integration 


to make the equation 
First solve 


his is simply a standard followup relationship with 

is the forcing function 

\ 77-lb weight hang 
from a spring whose rate is 10 lb/in. The dashpot coefh 
cient is 3 lb-sec/in. Then f/k 0.3 sec and 


W/gk 77/(386 x |] ).02 Ib-sec 


spond to a step function input? 


'ake a simple example (fig 


How does this re 


0. LF 
0.02p* 


Oap) OF 

T's 0.1 see 
Note that the system would reach critical damping if f 
were reduced to 2.83 Ib-sec/in. or W increased to 86.8 Ib 
Bevond these values the 
imaginary ) 


or k increased to 11.3 Ib/in 
factored quadratic would produce complex 


time constants that can’t be handled by this method 


For REPRINT of above article, just check P 59 on one of the 
Reader Service cards bound in this issue 


Dynamic Programing, May 11 °59, p 
The step after linear programing 
Tests, or maximization problems. 


to solve trans 


Fewer 


been a regular feature of these pages. 
Product Engineering is planning to 
reprint the series in a single combined 
booklet which will include all of the 
following articles 

Queueing Up, Nov '55, p 188—Laws 
governing the formation of lines and 
how they can be shortened. 

Too Many Solutions, Oct 1 ’57, p 92 

How and when to use linear program- 
ing to choose the best solution 

Linear Programing Can Be Easy 
Math, Mar 3 ’58, p 55—Pencil, paper, 


34 


Squares 
Same Accuracy, May 12 '58, p 92 
A statistical shortcut to better experi- 
ment planning. 

Design of Experiments, Sep 22 '58, p 
34—Where to set variables and how to 
analyze them. 

Experiments That Have Statistical 
Certainty, July 6 ‘59, p 66—How to 
determine if results are significant 

Regression Analysis, July 20 '59, p 62 

How to find the equation of a line 
from a set of scattered data. 


Simplified Multivariable Experi- 
ments, Dec 21 '59, p 56—-Tabular way 
maximum information from 
minimum tests. 

3 Shortcuts for Comparing Test Re- 
sults, Feb 15 '60, p 72—Charts devel- 
oped by statisticians to give fast an- 


to get 


swers 

How Practical is Nonlinear Pro- 
graming? Apr 18 '60, p 78—It’s still the 
only way to attack many scheduling 
problems. 
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PRODUCT DESIGNS 


Clips Hold Clipper 
Together 


A screwdriver is the only assembly tool needed. Motor field and bearings are 
retained by spring clips. Die-cast motor cradle minimizes machine operations. 


MOTOR-CRADLE is zinc diecasting designed to minimiz« 
machining. The finished cradle mounts the motor bearings 
brush plate and field assembly. The motor, field and bear 
ings are retained by phosphor bronze clips, which snap 
under ears on the cradle casting. This permits assembly 
and disassembly of the entire unit with one tool—a screw 
iriver jearings are lubricated by felt wicks squeezed 
between oil-access holes in the lower housing and the bear 
ings. Sintered bearings give up oil to the wicks when hot 
and receive it from the wicks when they cool. 


CLIPPER HOUSING encloses the mechanism and provides 
aesthetic appeal, also becomes an integral part of the unit. 
Sculptured shape fits naturally into the palm of the hand. 
High-impact phenolic was selected for strength and dimen- 
sional stability plus excellent insulating qualities. By re- 
moving upper housing, the complete mechanism is acces- 
sible for servicing. Testing and service can be completed 
without further disassembly. 


PS . « Redesign was aimed at improving function and 
appearance, lowering production cost, simplifying service. 
New hair clipper was developed with close cooperation 
among sales, production and engineering personnel, plus 
recommendations by vendors who supply the manufacturer 
Model 85 (‘Butch’) electric hair clipper was designed and 
produced by John Oster Mfg. Co, Milwaukee. 
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Bottomless Pot Cleans Itself 


Plug valves provide top and bottom for self-cleaning coffee 


brewer. Pivoted switches reset after each sale for individual 


selection of cream and sugar quantities. 


PS ... Coin-operated coffee vender uses ground coffee to 
brew a fresh pot periodically. Self-cleaning of its coffee 
brewer preserves flavor in day-to-day operation. Timer dumps 
stale coffee at night, brews fresh pot in morning. Vender dis 
penses soup ond hot chocolate as well as coffee. Capri 
coffee brewer is produced by Continental Vending Machine 
Co Div of Continental Industries Inc, Westbury, Li, NY 


COFFEE BREWING AND STORAGE system consists of 
the ground-coffee hopper and dispenser, the brewer, plus 
a storage pot for brewed coffee, and the heater. The brew 
cycle begins when the aluminum displacement-float drops 
as the storage pot is emptied. The float trips a cycling 
witch which starts the brew timer. The timer actuates 
a gearmotor to open the top plug valve of the brewer while 
a microswitch on the motor bracket is tripped, by cam, 
to actuate the coffee-dispenser motor. The cam operates 
this motor long enough to load the brewer before the top 
plug valve closes. The brew timer then opens a solenoid 
valve, forcing hot water (at 180° F) through the coffee 
grounds and to the coffee storage pot. At conclusion of 
brew cycle, the bottom plug valve opens and the spent 
grounds are flushed into the waste container. Meanwhile, 
brewed coffee is kept hot by the heater underneath the 
cotlee pot 

tainl teel brew tube is slip-fit into brewer base, 
can be removed by hand for thorough cleaning. Fine wire 
mesh prevents coffee solids from leaving brew tube. 
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CREAM AND SUCAR quantities are 
tion range is from 
sugar and cream 


no sugar or cream to 
Rotating adjusting knob and face 
cam pivots the microswitch to alter time that the 
spiral timer cam closes and 
260 


Relays 


cream 
Vend timer rotates all cams 
pushes 


Sugar 
when purchaser 
by 


circuit 


selector button closed selector 
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selected by 
adjusting knobs connected to spiral-face cams. Selec- 


double 


button 


or soup) 


move! 


tact 


cream 
regulat 


nent 
spring 


cul 


energize 
the selected liquid (coffee 


when 


and 


the appropriate switc! 
plus cream, hot ch« 

the 
’ 


of timer cycle causes 


cams close all witche 


fingel 
This 


reset 


arm and pivot reset bar 


sugar-adjusting knobs 


» of 


coffee 


VENDOR CABINET contains all liquid-handli 


ment 


g equip 
(coffee brewer, cream storage, water heater and 
cup dispenser). Door mounts all dry ingredients (gran 
ulated sugar, hot chocolate and soup powder). In addi 
door-mounted 


sheetmetal en 


tion, vend timer and coin mechanism are 
for accessibility and ser 


closure 


vice. Complete 
consists of 
shapes—the 
The addition of 
punching of 


shapes for 


four stampings with 
panel and a | 
mounting 


required 


two asik 


door shape body 


section 


pads and clip 


openings, modifies 


use as a door or back panel uppe 
or lows 


dy sectior 





Fresh liook at the 


HIGH-STRENGTH ALUMINUM ALLOYS 


The continuing development of new high- 
strength alloys, as well as improvements of 
existing ones, have increased applications 
for these lightweight structural materials. 
Here’s an evaluation of a newcomer and how 
it stacks up against other 
this high-strength family. 


members of 


MARSHALL HOLT, chief, mechanical testing 
J A NOCK, Jr, chief, fabricating metallurgy 


Alcoa Research Laboratories 


A new member called X2020 has joined the growing 
family of high-strength aluminum alloys. Just out of the 
developmental stage, X2020 has the high room-tempera 
ture strength of 7075—plus retention of good tensile prop 
erties to 400 F and higher. Its elastic modulus (8% higher 
ind slightly lower density give it further advantages over 
the other high-strength structural aluminum alloys and 
even enables it to compete with stainless steel and 
titanium 

Ductility is low and the alloy’s notch sensitivity is more 
severe especially when notches are sharp. So design must 
void very sharp concentrations of stresses. Otherwise, the 
general rules for good design in the other high-strength 
iluminum alloys apply here ‘ 

Also known under its military designation MIL-A-8882 
(ASG), the new alloy is unique because it is the first to 
contain lithium and cadmium. (Its major alloying element 
This 4.5 Cu-1:1 Li-0.2 Cd combination makes 
it 3% lighter in weight than the other high-strength alu- 
minum alloys. Maximum strength is attained by a solution 
heat treatment and artificial aging (the T-6 condition). 

Up to 350 F, alloy X2020-T6 is competitive with stain- 
less steel and titanium when compared on the basis of ten 


1S copper 


sile yield strength to weight. In compression, it is more 
efficient than either of those two metals to above 500 F. 
depending on the load and time at temperature. 


Design Properties 


Tensile properties of X2020-T6 are given, in the large 
table (next page) through range from —320 F to 700 | 
In general, tensile strength of this alloy is in the same 
range as 7075-16 and 7178-T6 up to about 300 F, where 
the others fall off. (The table, which contains latest data 
from the Alcoa Research Laboratories, also shows 7178-T6 
has only a small tensile advantage over 7075-T6 
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Notched tensile strength of X2020-16 is severely affected 
by very sharp notches, but with the shallower notches 
found in well-designed high-efficiency structures, its notch 
behavior is similar to that of the other alloys. Ratio of 
notched to unnotched strength remains the same or 
increases slightly with increased temperature. This means 
notched members of X2020 should not require special 
design precautions specifically for elevated-temperature 
service. 

Elastic moduli, both in tension and in compression, 
ire about 8% higher than for the other aluminum alloys 
Although these moduli decrease as temperature goes up, 
the elastic modulus of X2020 is higher for all temperatures 
up to 700 F. The higher tangent modulus for X2020-T6 


offers particular advantages for thin sheet structures under 


buckling loads. Shear modulus of the new alloy at room 


temperature is 4 million psi 


Fatigue properties are similar to those of 7075-T6 and 
2024-T6. Standard and notched rotating-beam tests for 
ill three are compared in the accompanying curves. When 
a structure fails in fatigue, the break is almost always 
traceable to some stress-raiser such as a notch, hole or sharp 
reentrant corner. This is why fatigue strength is higher in 
test than in actual riveted joints. Curve C (p 41) is 
representative of what may be expected on normal riveted 
structures free from unusually severe stress-raisers such as 
reentrant corners. When using these values, it is not 
necessary to apply any stress-concentration factors because 
those represented by normal riveted construction are already 
included. The curves do not, however, allow for the 
effect of eccentric loading or secondary bending. 


Stress-rupture and creep strengths for X2020-T6 are 
higher than for other high strength aluminum alloys. How 
ever, for long times at elevated temperatures where only 
slight deformation is permissible, X2020 has only a small 
advantage over the other alloys. If creep and rupture at 
high temperatures are the main criteria in a specific design, 
then it might be better to consider the new aluminum- 
powder-metallurgy (APM) alloys. These, however, do not 
have the high strength at room temperature. 

Strength of welded joints in X2020-T6 alloy are much 
lower than that of the heat-treated parent material. (This 
is also true of other heat-treatable alloys.) Strength in an 
as-welded butt joint in 0.063-in. sheet made by tungsten 
inert-gas (tig) welding is about 33,000 psi. A complete 
reheat treatment restores tensile strength to as high as 
73,000 psi but this is still lower than strength of the parent 
metal. 

Spot-welding sheet up to 0.040 in. thick by ultrasonics 


text continued on page 40 
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COMPARISON OF PROPERTIES—BARE AND ALCLAD ALUMINUM ALLOYS 





Endurance 

Tensile Yield Hardness, Shear Limit 
Alloy and Temper Strength, Strength, Elong., Brinell Strength, (500x 10° 
psi psi % Number psi cycles), psi 


29,000 12,000 19 45 os 
X2020-T6 $4,000 77 ,000 3 150 49,000 23,000 





2024-0 27 ,000 11,000 21 47 18,000 
HEAT-TREAT DESIGNATIONS IN THIS | 2024-186 75,000 71,000 6 135 45,000 18,000 


ARTICLE 
2024-0 26,000 11,000 20 se 18,000 
O—Annealed 2024-186 70,000 66,000 6 ¥a 42,000 
W—-Solution treatment — water-quenched 
from solution temperature 
T3—Solution treatment followed by work- 
hardening 7075-0 32,000 14,000 17 “a 22,000 
T4—Solution treatment followed by natural 7075-16 76,000 67 ,000 iB a 46,000 
aging at room temperature to a sub- 
stantially stable condition 7079-16 78,000 68,000 14 45,000 
T6é—Solution treatment followed by arti- 
ficial aging 
T8—Solution treatment, work-hardening, 
then artificial aging. Second digit in- 7178-0 32,000 14,000 16 22,000 
dicates amount of work-hardening 7178-36 81,000 71,000 10 49,000 


~ 


TYPICAL TENSILE PROPERTIES AT VARIOUS TEMPERATURES 


7075-0 33,000 15,000 17 22,000 
7075-16 83,000 73,000 ie 48 ,000 


7178-O 33,000 15,000 16 22,000 
7178-16 88 ,000 78,000 WI 52,000 














X2020-T6 2024-T86 7075-16 7079-T6 7178-T6 











Temp., Ultimate 0.2% Yield 5 Ultimete 0.2% Yield Ultimate 0.2% Yield Ultimate 0.2% Yield 
*F Strength, Strength, Strength, Strength, Strength, Strength, 
psi psi psi psi psi psi 


After Holding at Temperature for 2 Hour 
86,000 102,000 92,000 80,000 
77 ,000 90 ,000 79,000 70,000 
74,000 86,000 75,000 68 ,000 


. 
* 
- 


ooo 
Soo 
Noo 
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000 83,000 73,000 68 ,000 
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HIGH-STRENGTH ALUMINUM ALLOYS 


FORMABILITY OF 0.063-IN. SHEET 





Min Readius for 180° Bend 
Alley & Temper 
Parallel Perpendicular 
to rolling direction to rolling direction 


X2020-0 0-1T 0-1T 


-W ( 5 days) : 
(12 days) 1T-2T 1T-2T 
(Average of tensile and compressive moduli—Campressive modulus is about (30 days) Biy-i 1T-2T 
2% higher than tensile modulus) (90 days) 1AT-2T 1T-2T 


-T6 5T-6T 4T-6T 





ELASTIC MODULUS OF HIGH-STRENGTH ALUMINUM ALLOYS 





! E), psi x 10° 
i Modulus (E), psi x 9024-0 0 5 


-T3 4T 4T 


7075-0 IT 0 
vs -T6 ~ 5T 7T 
7079-0 IT 1T 

-T6 ° 2T 2%T 
Alclad 7079-T6 1AT VAT 


7178-T6 4T 4T 














LONG-TIME PROPERTIES OF HIGH-STRENGTH ALUMINUM ALLOYS 





1000-hr Strength, psi x 1000 


Stress Rupture 1.0% Creep 0.5% Creep 0.2% Creep 0.1% Creep 


X2020-T6 82 80 79 78 76 
2024-T86 73 70 69 67 65 
7075-T6 
7079-T6 


X2020-T6 
2024-T86 
7075-16 
7079-T6 

X2020-T6 
2024-T86 
7075-T6 
7079-T6 

X2020-T6 
2024-T86 
7075-16 
7079-T6 

M486 (APM alloy) 








o U.063 vy electric-resistance welding has suc ved roo! emperatut | 7075 aged artificiall 
met military strength requirement Surfaces 2 resistan o stress corrosion similar to 
thoroughly cleaned before welding to rem 124 aged artificiall ion causes about the sam 
film. This cleaning i specially sary I ss Of tensile strength in 2020-T6 as in 2024-T8] 
pot-welding 
pais Fabricating the Metal 
lear resistance of X202 
rength alloys, but only slightly less ear resi lorming preferably should be done on freshly quen hed 
of 7178-16 or 2024-T86. Both of these have less teat X2020 material (solution-treated but not aged Although 
resistance than 7075-T6 which, it I less 1 n tl ondition it i ; formable than 2024, X2020 ha 
tearing than 2024-T4 better ity after it ages a few hours at room 


Resistance to stress corrosion IS SUPCTIOT tO 
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How Fatigue Properties Compare 


50 
ans R—Notch Fot Prr 
6 — NOTC orique 


w 
© 


Stress, psi x 1000 


Cycles 


C- Cn+ gue Strength of a 2 veted Joint 


TO76 


Alloys 7075-T6,2024-T4, X2020-T6 FATIGUE PROPERTIES 
9 range as 7075-T6 and 2024-T4 
iu and notched properties of rotating 
shows performance a doub 
Although fatigue 
mens and riveted joint 


concentration trom the 


Stress, psi x 1000 





2020-76 
2024-T86 











4 
“ Cycles 


rmability. Dimpling 
ited sheet shouk 
( for hot-wor g 7075-T6 can 
idapted for X2020-T¢ 
ing hard anodic coatings such as Alumilite 215 
is more dificult on alloy X2020 than on 2024. But thes« 
coatings are as easy to apply: Alodine 1200, Alumilite 204 
and 205, hard chromium plating and porcelain enamel. 
When X2020 is heat-treated, it takes on a dark gray 


color which is sometimes shiny. This appearance is som¢ 


7079-T6 


{ Critical e 
2(E,) 
Compressive stress (4, )=7— 


cr? 


La 


2 
oO 
™ 
oe 
a 
- 
WJ 
w” 
> 
° 
E 
- 
c 
® 
a 
Cc 
S 
= 


L= free length 
f= radius of gyration 





time confused with the gray surface of other structural 





allovs which have been anodized 


Appearance of the Alclad version of this alloy 1s the 36 


same as Alclad 7075 and 7178 because all three are clad Stress, psi x 1000 

with 7072. Alclad 202 liffers ise its cladding 1 

alloy 1230. TANGENT MODULUS of X2020 is higher than that o 
other high-strength alloys, and proportionally increases 

For REPRINT of above article, just check P 58 on one of the the critical stress required for buckling in beams undé 

Reader Service cards bound in this issue compressive loads 











EDITOR'S NOTE—For more about d¢ When Aluminum Forgings Become compressive st i 
signing with aluminum and other Practical, June 22 °59, p 76—Hidden design changes for larg: ctions 
lightweight structural materials assets allow aluminum forgings to High-integrity Aluminum Castings, 
Damping Properties of Clad Alumi compete with aluminum sandcastings Feb 17 58, p 69—Reliable aluminun 
num, May 23 '60, p 54—High-strength and diecastings, even with iron cast castings can be attained by choosing 
aluminum alloys, when clad with pure ings and steel] forgings an alloy with good castability, de 
aluminum, gain up to 20 times thei! Forging Presses Strength into Light- signating requirements of critical 
capacity to damp vibrational energy weight Castings, Feb 16 ‘59, p 61 ireas, closely controlling foundry 
Magnesium-—Lithium ... New Con- How follow-up forging can improve techniques, and analyzing test data 
tender for Lightweight Champion, Oct parts cast from aluminum and mag- New Aluminum Forging Alloy, De 
12 '59, p 74—First property data on nesium alloys 3, "57, p 62—Designated 7079, it ha 
the magnesium-lithium alloys which Pelletized Magnesium Extrusions, lower notch sensitivity than alloy 7075 


offer 25% weight saving over conven May 12 58, p 80—Although they cost for thick-section applications requiri! 


tional Mg alloys more than regular extrusions, their high strength 
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electronic “black box” may simplify 


FREQUENCY-CONTROLLED 
AC MOTORS 


From the recent meeting of the American Institute of 


Electrical Engineers comes news of new speed control for 


squirrel-cage induction motors. It’s still experimental, but 


this solid-state inverter, which uses low-cost tunnel diodes, 


promises to overcome many of the limitations of other types. 


FRANK YEAPLE, associate editor 


jn the past, the cheap and dependable squirrel-cage motor 
has often been ruled out for applications needing variable 
motor speed. Control is the problem. All induction mo 
tors by nature try to follow a constant speed set by line 
frequency. There are three ways of varying this speed, 
but each has its limitations: 

e Variable supply frequency (expensive) 

e Mechanical or electrical speed-changers external to 

the motor (bulky) 
e High-slip motor windings (some loss in efficiency) 


THE NEW APPROACH 


Now, however, an invention by R. E. Morgan of Gen 
eral Electric Co promises to eliminate many of these 
limitations. It’s an experimental solid-state inverter using 
low-cost tunnel diodes in an oscillating circuit. This con- 
troller rectifies single-phase supply current, changes it to 
variable-frequency ac, thus controls motor speed directly. 

But there is still one problem common to all frequency- 
type speed-controllers for induction motors: the need to 
vary the voltage supply. An ordinary ac induction motor 

single or polyphase) is designed for a given voltage and 

frequency. If it is to operate over a wide range of fre- 
quencies, the voltage must be varied proportionately. An 
extreme example will make this point clear: Suppose a 
standard 120-v, 60-cps squirrel-cage motor is run at 1 cps 
practically dc); voltage supply must be drastically reduced 
or windings will burn out. Such voltage-varying controls 
are practical, and when developed should allow use of 
ordinary motors without derating. 

(hree-phase squirrel-cage induction motors are inher 
ently better suited to variable-speed operation than single 
phase models, because they develop significant torque at 
any speed, including stall. No special “start” windings 
are needed, as in single-phase motors. And the three 


42 


+ 


phase design—it has symmetrical windings—should be just 


is economical in large production quantities 


Tunnel Diode Is the Key 


The tunnel diode—a newcomer now available in 
field of industrial control—is the secret of Mr. Morgan 
compact (and, it is hoped, inexpensive) frequency changer 
The tunnel diode (see PE Aug 10 59, p 23) has the un 
usual ability, when put in series with a saturable reactor 
(inductance), to oscillate at any desired frequency, de 
pending on amount of de current (extremely small) fed 
into reactor’s contro! and bias windings. Output of tunnel 
diode becomes input (“gate”) signal to power element 
a silicon controlled rectifier. Rectifier, which is similar 
to a thyratron, has “pulse” output, and can drive an ac 
induction motor directly 

Small contro] currents can handle large loads becaus« 
basic circuit (see schematic on next page) has several ampli 
fying stages. Output power in this simple circuit is limited 
to about 0.75 kw because max output signal of tunnel 
diode is not enough to drive controlled rectifier to higher 
power level. For increased loads, a transistor can be 
added to amplify tunnel-diode output. One transistor, 
controlled by one tunnel diode, has greater capacity than 
six silicon controlled rectifiers—each capable of carrying 
50 amp at 400 v. It is thus possible to drive motors 
rated in hundreds of kw. 


More Compact Than Older Types 


Only the static-type changers (solid-state, magnetic o1 
vacuum-tube elements) need to be considered if a com 
pact control is wanted. Conventional designs of that 
type, however, have magnetic amplifiers in the frequency 
producing portion of the circuit. Such amplifiers are very 


bulky when designed for operation below 60 cps 
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120 de (or rectitied ac) 




















200-w LAMP IS DIMMED with special static 
circuit (no moving parts) in which tunnel 
diode adjusts and times current going to a 
silicon controlled rectifier. Entire circuit will 
fit inside cigarette package, yet controls 
lamp output from full brightness to blackout 
with infinite adjustment 


FRACTIONAL-HP LOAD can be lamp or motor in this simplified schematix 


of tunnel-diode control circuit 
trolled rectifier, which resembles conventional thyratron 


Control portion—including tunnel diode and saturable reactor 


> 


Power portion of circuit has silicon con 
operation 


handles 


up to 22 ma current, sufficient to control 0.75-kw power output of con 
trolled rectifier. Saturable reactor (inductance), when varied by control 
current changes oscillation rate of tunnel diode, therefore changes system 


frequency. Response is linear in working range 


Ihe tunnel diod 1 solid-state element—overcomes th« 
space problem because it is no bigger than a pea, and will 
operate at low frequencies (below 0.5 cps) or high (1000's 
of kilocycles). Practical contro] range for a given diode 
is over 100:1, which means that a 60-cycle induction 
motor can be varied from full speed 
to 1/100 speed 

Response of a solid-state element such as the tunnel 
diode is inherently much faster than that for a magnetic 


amplifier. This is important when motor must respond 
| 


say 1800 rpm) down 
le controller. 


18 rpm) with a sing 


instantly to a signal, as, for example, in a high-speed re- 
versing motor or a servomotor 

Power supply—to give special de voltages—is often neces 
sary in conventional static-type frequency changers that 
use vacuum tubes and magnetic amplifiers. In this tunnel 


diode design, however, none is needed. For example, a 


EDITOR’S NOTE: Here are some re 
cent Product Engineering articles cov 
ering novel motor and motor-control 
concepts 

New Variable-speed Motor Drive, 64 shows how to 
Mar 28 '60, p 80, describes design of 
reactor-capacitor drive that has prac 
tically no speed drop with load, com- 
petes favorably with thyratron drives 


PRODUCT ENGINEERING + AUGUST 8, 1960 


Spherical-type Variable-speed Motor, 
July 7 '58, p 68, evaluates British-made 
skewable-stator ac induction motor. 

Printed-circuit Rotors, Mar 16 ‘59, p 
write your own de- 
sign specifications for a dc motor with 
disk-shaped rotor that has plated con- new low-cost solid-state control for dc 
ductors instead of windings. 

This previous article evaluates the sign Engineering Show 


tunnel diode require 


} 


so low that simple voltage-dividing resistors in conjunction 


with germanium diode in easily drop down the linc 
And the silicon controlled rectifier, although it 


must carry high dc needs only simple diod 


\ oltage 


between it and the ac 


OTHER APPLICATIONS 


Speed control of motors is just one of many applications 
for the tunnel-diode circuit described in this article. Th¢ 
lamp (see above) is another. It can also be used as an 
efficient actuator for a high-speed solenoid. In fact, any 
power need that is now being met with a thyratron or 
silicon controlled rectifier regardless of input-contt 

method can conceivably be met with this new tunnel 


diode system 


common squirrel-cage induction motor 
Small Induction Motors Are Going 
Places, Mar 3 ’58, p 72, compares vari 
able-speed and constant-speed perform 
ance with that for series-wound types 
Look for article in coming issue on 


shunt motors, introduced at recent De- 





One of four Acetal cams (insert) 
that operate a series of timing 
switches in a Royal McBee 
data-processing machine. Cam 
has total stroke of 0.020 in., held 


to tolerance of 0.0002 in 


when PLASTIC CAMS are better 


In production quantities of 100 or more, plastic cams can be molded 


to closer tolerances and higher uniformity than steel ones 


machined one at a time. Here are the key factors to consider 


MILTON A SANDERS 


Precision Molding Inc 
Stamford, Conn 


f the cam and the number required are but 
O the important considerations that influence the 
ision whether to mold cams from plastic or cut them 
from steel. 
Ihree inches or smaller is the most practical size for 
cams produced by plastic molding. For larger sizes, 
design faces problems with strength of the material and 
pacity of present-day molding machines. Similarly, 
quantity in the production run determines unit cost; but 
complexity of the cam, accuracy of its contour, and its 
relation to the bore, influence the production run con- 
idered minimum for economical plastic molding. Genet 
lly, the minimum run is 100 pieces; however, smaller lots 
can be economically handled if higher accuracy of cam 
surface is worth the premium price. 


THE OTHER KEY FACTORS 


Loads have an over-all influence in design, because the 
modulus of elasticity, and tensile and compressive strengths 
of plastic materials are only a small fraction of those for 
steel or other metal materials for cams. If the loads are 
light enough, a more thorough check will then show which 
plastic is most desirable Your guide is: for loads requiring 
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high compressive strength, a melamine, alkyd or acetal 
ast 


for high tensile strength, nylon, epoxy or acetal. 


I 
Comparative values for various plastic materials are given 
in the table. 

Accuracy for metal cams is cumulative and reflects the 
limitations imposed by master-cam tolerances, tolerances 


ind wear of tools used to cut the master cam, tolerances 
ind wear of tools used to cut the production cams. With 
plastic molded cams, however, only the tolerances of the 
dies affect the accuracy of the final cam surface; differ- 
ences among individual pieces made by the same dies are 
insignificant 

[he importance of accuracy is shown by the cam above 
that gives precise control for a switch for a data-processing 
machine 

otal length of stroke—0.020 in. 

Max tolerances of cam bore dia—0.002 in. 

Max tolerance of displacement—0.0002 in 

Center to center tolerance—0.0002 in. 

Angular displacement tolerance—30 min 

l'ype of motion—zero velocity and acceleration at start 
ind finish, with max velocity at midpoint. 

Such requirements rule out any point-by-point method, 
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KEY FACTORS DETERMINING CHOICE— 
PLASTIC VS STEEL 





Factor 


Steel 
(machine-cut) 


Plastic 
(molded) 





Size 


Number required 
(economical fer) 


Type of cam 


Loads 


Accuracy 


Con be made any size 


Lots up to 100 


Any 


High 





3 in. dia and less 

Lots above 100 

Any radial, some cylindrical 
and groove types 

Low 


0.0005 to 0.005 in. 


0.001 to 0.003 in. 


Environment 
Corrosion 
Lubrication 


Preferable 


Preferable ; 
Five phenolic cams molded into each 


piece on a Husqvarna industrial sewing ma 
chine, facilitate change-over and are self 
lubricating. Cost of molding this product 
is much lower than for point-to-point ma 


Intermittent operaticn Preferable 
Continuous operation 
Electrical insulation 


Temperature stability 


Preferable 
Preferable 
Preferable 








chining 
Life expectancy Low High 


Hardness High Low 


Specific gravity High | Low 


Cheaper fer large pro- 
duction runs 


Cost Cheaper for small lcts 











- 0.0001, function. Cuircu 


which allows nothing for wear of the tools and other 


because max allowable error in the cutting tool is two different planes so that dics cannot 
lar arc cams can be produced quite readily; however, they 
tolerances mentioned above. Plastic molded cam is the are generally used where accuracy is not too important, 
obvious choice. 

Point-by-point methods of producing cams include: 
commercial cam machines such as Rowbottom, Pratt & 
Whitney, Kopp and others; special-purpose machines such 
as IBM, Bendix Aviation Corp or Ford Instrument Co; 
flame cutting; casting, stamping. Comparative accuracies 
obtainable by these various methods are summarized in 


the table on page 46 


and for this reason can be made just as easily by other 
methods. 


Environmental conditions. Corrosion and lubrication 
are important factors that often preclude the use of steel 
cams. Plastic cams are noncorrosive and self-lubricating. 
Steel cams are generally preferable for intermittent opera 
tions and low speeds. If there is continuous operation at 
high speed, the high momentum of heavy steel cams is a 
Type of cam could be a determining factor, because of This also tends to reduce their accuracy. Elec 
two opposing reasons. First, some complex and deep- 
groove cams cannot be made by plastic molding, although, 


handicap 
trical insulating requirements are also quite frequently an 
important factor that limits the use of steel cams. Sinc« 
there are some very complex cam surfaces that are more most plastic materials have good electrical insulating chat 
easily made with plastics. Secondly, certain cycloidal- and acteristics, they are advantageous in that they do not need 
parabolic-motion cams, by their very nature, require high 
accuracy and therefore should be made by plastic molding. 
In general, the following types of cams could be made by 


plastic molding: 


special component insulation. 


Temperature stability is a critical factor so far as plastic 
cams are concerned, because their coefficient of thermal 
expansion is usually many times that of steel. For this 
e Simple harmonic reason their best operating range is below 200 F (although 
e Parabolic 


© Cycloidal and semicycloidal 


some plastics will operate satisfactorily at a slightly higher 
temperature). However, they do have this advantage: be 
e Tangential and cube base cause of their self-lubrication, they do not generate heat 
e Cylindrical (certain types) 


; Life expectancy of a cam is a function of its wear quali- 
® Polynomial 


ties. Here, the self-lubrication of most plastic cams gives 


e Circular arc 
e Groove (certain types) 


Any of the above types can be produced by plastic 
molding, provided they do not have grooves or notches in 
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a lower coefficient of friction than steel cams, therefore 
less wear. Equally important: Plastic cams account for less 
wear in the cam follower, and consequently greater accu 
racy over a longer life span. 





COMPARATIVE ACCURACIES OF CAM-MANUFACTURING METHODS 





Method Type of Cam 


Accuracy, in. 





STEEL 
Machine-cut: 
Commercial cam machines 
Rowbotiom, Pratt & Whitney, 
Kopp and others 


Radial, groove, cylindrical 


IBM or Bendix Aviation Corp Radial, groove, cylindrical 


special machines 
Ford Instrument Co Radial or groove 
special machine 


Flame-cut Radial 





Castings—steel or other material Radia’ and others 


Stamping Radial 


They use templets or master cams—their addi- 
tional tolerances influence final accuracy 


001 to 0.003 


These cut cams from digital information input 
or other automatic data-feeding systems 


001 te 0.003 


001 to 0.002 Special paper-roll data-feeding mechanism 


generally used for master cams 


Final accuracies vary widely depending on 
templet tolerances and effectiveness of tracer 


005 to 0.020 
control 


For high production where uniform accuracy 
is not important 


001 to 0.020 


001 For small, thin cams 





PLASTIC 


Injection Molding All types 


Compression Molding Radial 





Transfer Molding All types 





The most accurate plastic-molding method for 
sizes to 2 in. dia; larger sizes slightly less 
accurate 


0005 to 0 005 





001 t0 0.005 | For sizes to 2 in. dia 





0005 to 0.005 | For sizes to 3 in. dia. 





Hardness is more important in choosing the right type 
of plastic for the cam than in choosing between steel and 
plastic. Just as with tensile and compressive strengths the 
hardness range of plastics suitable for cams cannot com 
pare with the hardness range of steel. But within their 
own range, cams should be made of those plastics with 
the highest hardness and impact strength. 

Specific gravity. The low specific gravity of plastics 
gives them advantages wherever weight and momentum 
must be kept at minimum. 

Cost is always important; although not always the de 
ciding factor. Comparative cost of machine-cut steel 
cams as opposed to molded plastic cams depends on 
quantity required. Though there are many different 
methods for machine-cutting steel cams (some of which 
are covered in the table) certain over-all factors determine 
their cost—such as master pattern or layout, holding device 
or orienting fixture, and the setup aad production time 
For special machines that generate the cam profile from 
digital information or other automatic data-feeding sys- 
tems, the master-pattern cost is eliminated, but this is 
largely countered by increased machine costs. In general, 
machine-cut steel cams are more economical in lots of 100 
or less. 

For molded plastic cams, biggest element is cost of the 
mold. Comparatively, however, this need not count for 
much because a master pattern often costs almost as much 
as a mold. Also, with certain automatic cam-generating 


46 


machines, the cam profil must first be cut on a piece of 
equipment capable of regenerating this profile. Here, cost 
of cutting the original profile will be greater than cost of 
an equivalent mold 

\ typical example illustrates the kind of thinking needed 
lhe first step in evaluating (plastic or steel cam?) required 
producing a model costing hundreds of dollars. Examina 
tion of this model and study of costs showed that dupli 
cation of the cam by machine-cutting would require pro 
ducing a cast blank and then mounting it in a fixture for 
machine-cutting. Complete cost of this two-step operation 
came to more than $5 per cam. By contrast, expense of 
the mold for the plastic cam (single cavity) was $1800 and 
final cost was only 21¢ per cam with accuracy of 0.002 in 
Obviously, even a lot of 500 cams here was less expensive 
to mold than to machine-cut 


SUITABLE PLASTIC MATERIALS 


New plastic compounds are continuously being devel 
oped to improve various desirable mechanical properties 
he significant mechanical properties of the most suitable 
plastic materials currently available are listed in the table 


Acetal is one of the strongest and stiffest thermoplastics. 
Strength retention at elevated temperature is usually good: 
even at 200 F, tensile strength is 6000 psi and flexural 
modulus is 180,000 psi. Of striking importance is the 
slight effect of temperature on its toughness: the Izod im- 


40 to 212 F. 


pact strength is essentially constant from 
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MECHANICAL PROPERTIES OF PLASTIC CAM 


MATERIALS 





Material 


Modulus of 
Elasticity, 
psi x 10° 


Specific 
Gravity 


Tensile 
Strength, 


Compressive 
Strength, 
psi 


Izod 
Impact, 
ft-Ib /in. 
notched 


Hardness, 
ASTM-D785 


Thermal 
Expansion, 
per °C x 10 


ANS. 





Acetal 
Nylon 
Epoxy 
Melamine 
Phenolic 


Alkyd 


2.0 to 4.0 


4.5 


7.0 to 10.0 


M95, R118 
R111-118 
M80-110 
M110-125 
M124-128 


M95-120 


8.1 to 10.0 


10 to 15 


4.510 6.5 


6.0 to 8.0 


5.0 to 10 0 
































This one nylon cam replaced a 3-piece 
steel cam assembly (the 2 cams at right, 
plus a pin) in a Monroe calculator: Result: 
smoother operation, lower cost. 


Moisture also has little effect on toughness. Dimensional 
stability of acetal is excellent. After reaching equilibrium 
at room temperature its dimension increases only | mil/in. 
in going from 0 to 50% relative humidity, and only 4 
mils/in. when totally immersed in water. It has good elec- 
trical properties with low dissipation factor and dielectric 
constant over 
250 F 
Nylon is notable for its combination of properties 
rather than for any one of them. Its excellent frictional 
and impact-resistance properties are valuable for wear resist- 
ance and electrical characteris- 
tics are well known and widely used, but a determining 


a wide range of frequencies and up to 


Its dimensional stability 


factor in its application is its chemical resistance. 

Melamine is used in cams where its better-than-average 
resistance to heat, water, acids and alkalies is advantageous. 
It withstands steam sterilization without distortion, and 
also has good electrical properties. 

Phenolic compounds are of particular interest here, be- 
cause they can be molded tolerances. Three- 
dimensional tolerance classifications have been established 
and are listed in the SPI Engineering Handbook, p 440. 
Fully cured phenolic molding compounds are hard, rigid, 
durable and relatively inert. However, most grades are 


to close 
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Nylon gear and box cam, in a textile machine made 
by Abbott Machine Co—easily fabricated, low cost, 
tough, needs no lubrication. Cam rotates 60 to 80 rpm, 
gear-tooth loading is 1 to 5 lb on teeth % in. wide. 


attacked by strong caustic solutions. Since sunlight causes 
phenolic materials to discolor or darken, only dark colors 
are produced. 


Alkyd compounds are characterized by their high dry 
insulation resistance and retention of good dielectric char 
acteristics at relatively high temperatures, which is im 
portant in electronic applications. For cam applications 
these compounds are reinforced with fiberglass or other 
fillers which give good impact strength but only fair-to 
average tensile strength. 


For REPRINT of above article, just check P57 on one of the 
Reader Service cards bound in this issue. 


EDITOR’S NOTE: For additional information on cams and 
relevant data on plastics see: 

New Equations Speed Design of Circular-arc Cams, Mar 
21 ’60, p 58—Author’s mathematical procedure gives exact 
dimensions for circular-arc cams, and will work well with 
uniform-acceleration cams. 

Which Way to Make a Cam? Mar 3 '58, p 67—31 ways to 
make a cam, including machine cutting, flame cutting, 
casting, forging, stamping and powder metallurgy. 





your choice of 
RECYCLING TIMERS 


When you have to design a time delay into 
an electrical control circuit, the answer will probably be one of these 


five types. Here are their capabilities, limitations and costs. 


E F KING, product engineer, Instrument Div 
Thomas A Edison Industries 


Wi. n a control system has to wait a fixed period of tim« Electronic timers u he time required for a constant 


before it initiates another operation or function, and thi voltage supply to charg capacitor until it reaches t 


time-delay cycle must be repeated on demand, predetet operating voltage of a relay. Reset is instantane« 
mined time intervals can be had from several types of interruption of power suppl; 


thod 1] ] 


recycling timers. Though differing basically in m«¢ ( Dashpot devices basically are electrical relay 


they have this in common: When electrical power is by the time required for gas or liquid to escap 


ipplied, the timer will close contacts in an auxiliary circuit sealed chamber through an adjustable orifice 
ifter a predetermined time delay; upon removal of power rapid by means of a return spring and checkvalve 
> > . > > > ic — . 
the device becomes ready to accept another signal Mhermal relays apply heat to a bimetal or differential-ex 
I'he time interval may be obtained from: the = pansion element at a fixed rate until flexing or mechanical 
takes for the current to build up in an inductive coil; for movement closes contacts preset for a given gap. Reset tim: 


the voltage to build up in a capacitor; for fluid to escape is generally of the same order as the contact closing time 


from a dashpot; for a piece of bimetal to heat up and bend; Motor-driven cams using clock-type synchronous motor 


for a clock motor to rotate a cam. Using these methods, may be geared to a cam that closes contacts. Reset tim 


five types of recycling timers are available. will depend on the time for one revolution of the cam 
Relays may be made slow-acting by various methods that unless a clutch and spring-return function are added 

delay buildup of the electromagnetic field needed to pull Each type varies considerably in timing range and accu 

in the armature and close the relay contacts. Reset is racy, operating power required, space needed, influenc 


fast-acting f ambient temperature changes, service life, and cost. The 


PERFORMANCE CHARACTERISTICS OF RECYCLING TIMERS 





Operating Slow-acting Electronic Thermal Pneumatic Motor-driven 
Cheracteristic Relay Timer Relay Relay Cam 


Time Interval millisec millisec 2 sec to 2 sec to seconds 
to sec to sec 5 min 5 min to hours 


Accuracy, % 2 to 10 1 to 2 10 to 15 5 to 10 2 to 10 


Reset Speed Fast Fast Slow Fast Varies 


Operating 1 to 2 1 or less 2to 5 5 or more 5 or more 
Power, watts 

Effect of Some Some Appreciable Little None 

Line Voltage 

Variation 


Volume, cu in. 25 and up 10 to 40 20 and up 


Adjustability None Wide range Wide range Limited 
Cost of $5 to 15 $40 and up 2 $25 and up $15 and up 
Standard Unit 
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Ow- acting Relay 














iccompanying table gives general guidance in selecting the 
one or two best types for usual industrial, business ma 
chine, instrument or appliance application. Most of the 
standard designs can be modified if necessary to handle 
heavier currents; hermetic enclosures can be added, except 
for thermal types already sealed in metal or glass enclosures; 
special mounting methods such as plug-in or printed wiring 
can be obtained; explosionproof enclosures are available. 


Timing range is time elapsed between instant of applying 


electrical power and closing of the timer contacts. This 
includes inherent operating time of the device plus delay 
introduced by the timing function. The inherent factor 
determines minimum time interval of the device; duration 
ind accuracy of the total time period are determined by the 
method of introducing the time delay. 
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Inherent time interval is shortest for relays and electronic 
timers; timed periods as short as fractions of a second to 
seconds are readily obtained with good accuracy. Pneu 
matic and thermal relays have longer minimum tim 
intervals, and timing periods range from seconds to a few 
minutes. Clock motors are inherently slow-starting as 
compared with other methods. 

liming accuracy varies considerably with the timing 
system. Clock motors on ac can give high precision on 
long time intervals; time-delay relays and electronic timers 
can control short time intervals to within 1 or 2%. The 
variations for thermal and pneumatic relays ordinarily are 
of the order of 10%. 

Reset speed varies greatly with the timing method. For 
slow-acting relays, electronic timers and pneumatic relay 
reset time is about equal to the inherent operating tim« 
lhermal relays require cooling-off time generally of the 
same order as the heating time or a little longer. Motor 
driven cams must await full rotation of the cam unless a 
mechanical clutch and return spring are added 


Operating power for the timer may also be a determining 
factor. If the control power available is less than a watt the 
electronic type is about the only one that can be used; 
slow-acting relays may take as little as 1 or 2 watts, thermal 
relays will require 2 to 5 watts, and clock motors and 


pneumatic relays 5 watts or more 


Space available can also be a controlling factor, and a 
headache, too, if overlooked. Thermal relays are the most 
compact and many require less than 1 cu in. Relays may 


not need more than 8 cu in a 2-in. cube pneumatic 


motor-driven and electronic types take more space. 


Outdoor ambient temperatures may introduce problems 
here is no problem at normal room temperatures, but an 
outdoor range of 0 to 120 F may require special compensa 
tion for electronic, pneumatic and thermal relays—and com 
pensation adds to complexity and cost 


Service life is determined largely by the number of m¢ 
Motor-driven 


cams present lubrication and wear problems, particularly 


chanical and wearing parts in the device 


at extremes of temperature. Pneumatic types require seals 
and diaphragms, and fluid systems must be sealed. Relays 
have moving parts and hinges, and electronic types (which 
ilso have relays) usually have some components presenting 
reliability problems. ‘Thermal relays are sealed in an inert 
atmosphere, have no wearing parts, and life is determined 


largely by the electrical contacts 


Unit costs for standard devices range from less than $2 
for a typical thermal timer for appliance service, up to $4 
or more for an adjustable electronic timer in a steel cabi 
net. ‘The simplicity of a slow-acting relay makes its cost 
only a little higher than the thermal relays; motor-driven 
cams and pneumatic relays are more complex which in 
creases the cost; electronic timers cost still more 

Each of the basic devices can be modified to meet a 
broader range of performance and service conditions than 
given in the table. Requirements of the missile field, for 
example, have led to many special designs combining 
higher accuracy and greater reliability at much higher cost 
Special designs can accept much wider ranges of ambient 
temperature with compensating elements, which also add 
to the cost. 











Reuland motor-and-magnetic-brake package 


...complete from one dependable source! 


Reuland manufactures its own magnetic brakes, as well as electric motors, and 
offers the most versatile selection of tailored-to-your-equipment brakemotor 
packages available anywhere. Reuland’s many hundreds of combinations of 
H.P., speed, special drive motors and brake sizes, provide an almost unlimited 
coverage of O.E.M. and user requirements! 

So, whatever your brakemotor needs may be, standard or special, let Reuland 
supply the complete answer in one, compact, smartly-designed power package. 
One source of supply for brake and motor saves time for your Engineering and 
Purchasing Departments one nameplate establishes dependable, nationwide 
service responsibility! 


Refer to Sweet's Product Design, Section S-a 


MODERN POWER FOR MODERN-DAY PRODUCTS 


. all in lightweight, cool-runninge aluminum frames! 





BRAKES AVAILABLE IN ALL 
3 MOUNTINGS... FULFILLS 
J.1.C. SPECIFICATIONS! 
Direct endbell type for 
mounting over motor’s shaft 
Foot mounted, for mounting 
over existing shaft 
Foot mounted — complete with 
own bearings and shaft 
Automatic Lining Wear 
Adjustment 
Manual Release— 
Automatic Reset 
Mount in any position 
No Levers or Linkage 
One-Piece Housing 
One-Half Conventional Length 
Wide Range of Ratings 


Our new 8-page catalog, No. GS8-30-0, will 
come in handy. Sent complete with prices 


and engineering drawings on request 


REULAND ELECTRIC COMPANY 


WESTERN DIVISION: Alhambra, Calif 
EASTERN DIVISION: Howell, Mich. 
R Distributors in all principal cities 


50 CIRCLE 50 ON READER SERVICE CARD 


PRODUCT ENGINEERING + AUGUST 8, 1960 











PRODUCT 
ENGINEERING 





























O shortcut to 
DESIGNING TORSION BARS 


Two-in-one nomograph speeds calculation of dimensions, stress or 
spring rate for both round and rectangular bars. Another nomograph, 
for mass moment of inertia, will appear in a future issue 


D A DERSE, design specialist 
Weston Hydraulics Ltd 


Spring rate foctor, K 
30 40 as Re 





Symbols 
a = Half width of rectangular bar, in. 
b = Half height of rectangular bar, in: 
d = Diameter of round bar, in. 
ER org modulus of elasticity, 


3 


ad 
o 


K = Stress factor 
K, = Spring-rate factor rake 


ep ha = 


S = Masia shar sre pat 


Ratio, a/b 
8 s 


w 
© 


whee 





tan 3 





090 10 
Stress factor, K 


a 


For Other a/b Ratios 





Unknown Solution Bo aectine the proper shape and size for a torsion bar 
T . involves a string of repetitious calculations. Now, this not 
ora : : : 
Multiply $ by K C graph eliminates the paperwork and enables you to compute 
1.068 \ b many different combinations, investigate several samples to 
Use answer as S to solve by usual discover trends, or compare different designs—all within a 
method on black nomograph. matter of minutes. 


Actually it’s two nomographs in o1 The black figure 
Solve for S on black nomograph by ; , en rae eos 


. solve these equations: for rectangular sections, shear str 
usual method. Multiply answer by 


. . S 9KT/16db*; for circular sections, shear stress S 
(=) to get real S. 16T/d*. The red figures solve these equations: for rectangulat 
1.608 \ b sections, spring rate 7/6 16Gab*/K,L; for circular 
: tions, spring rate T/@ Grd*/ 321 
T 1.285 / b I'o compute values with the nomograph, draw two perpen 
Multiply — b . Use srgnety ie ee eee ee 
PY 9 7 K, a licular lines on a piece of transparent paper or plastic. Line 


, a. ie Gina Peeten ae a ait 
answer as T/@ to solve by usual method ip this cross with the three knowns; the remaining line will 


on red nomograph. intersect the fourth side at the correct value for that factor 


O Solve for T/@ on red nomograph by An Example 
l , i ’ 
6 vual method. Mulliply enswer by PROBLEM: Design a circular torsio 


; 
1.285 (2) to get real x of 2400 lb-in./radian and a total angle of 


Ki Use 302 stainless steel 

















PRODUCT ENGINEERING + AUGUST 8, 1960 





From Honeywell 


A compact inexpensive 
controller 








Automatic temperature control 
Automatic pressure control 
Automatic control of liquid level 


Automatic humidity control 


Now—a transistorized controller that’s versatile 
enough to be used in many applications. Small, com- 
pact, with complete repeatability. No tubes, no warm 
up time, gives instant reaction. Works with sensors 
that can be thermistors, probes, resistance bulbs, 
pressure transducers or humidity elements. Can be 
used in such varied applications as packaging 
machines, injection molding machines, cooking vats, 
tire recapping, ice cube makers, and tanks, etc. Has 


Exclusive Honeywell Versa-Tran replaces old 
fashioned mechanical control at low cost. 


a temperature control range from minus 60 degrees 
to plus 1400 degrees F. 

The Versa-Tran is the result of traditionally superior 
Honeywell engineering. For information, call your 
nearest Honeywell office and our industrial control 
sales engineer will call. Or write: Minneapolis-Honey- 
well, Department PE-8-24, Minneapolis 8, Minne- 
sota. In Canada, write: Honeywell Controls Ltd., 
Vanderhoof Avenue, Leaside, Toronto 17. 


Honeywell 


” — Ce. ch 
& 


YEAR 


: 
Pi EERING THE FUTURE 


EH] Fist in. Conceal 
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DESIGNING TORSION BARS continued 


SOLUTION: For type 302 stainless the proportional limit in 
tension is 35,000 psi. The proportional limit in shear is 0.55 
times that in tension. Hence 


S = 0.55 & 35,000 


™ 7 
7 Xx 6 = 2400 X 0.20 
6 


19.250 psi 
480 |b-in. 


Line up cross on these three knowns in the black nomo 
graph. Diameter turns out to be 0.50 in. Red nomograph 


shows that length equals 26 in 


Other a/b Ratios 


Basepoints on the nomographs are for a/b ratios of 1.0, 1.5 
and 2.0. For other ratios use the following procedure. Find 
K and K, from the curve on the preceding page; use square- 
bar basepoint; then follow procedure in table which is also 
For repeated use of a different a/b ratio, 
locate and draw a new basepoint 


on preceding page 
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Different Bar Materials 


Red nomograph is constructed for a material with G 10 
l'o convert answers from the nomograph to ones for a mate 
rial with a different G, multiply 

T/@ or L X G/10", 
a x 10’ G 
d & (10°/G)""*, 

Permanently adapt the nomograph to a different material 
by drawing new basepoints on red scale. Black basepoints are 
the same for all metals 


New Basepoints 


Constants in the formulas determine the position of bas« 
points. To find basepoints for a new a/b ratio or new G, 
make up a problem; assign arbitrary values to two variables in 
the equation; solve arithmetically for the remaining one. This 
gives three of the four sides of the nomograph; next, line up 
the cross and locate the new basepoint 


a 
V9e765 4 3 





3 


\ 


Terry 


Mox \sheor stress S, Ib/in® 


| 
a ae | 
' ! 


' 
po me 3 4567869 





X 
* 


Bosepoints * 








4 


Diameter d, 


| 
| 








*% Block bosepoints ore for all metols; red for 302 stainless only 


PRODUCT ENGINEERING - AUGUST 8, 1960 





SIGNIFICANT COMPONENTS 
MATERIALS, PROCESSES 


Pneumatic and hydraulic oscillating motor . . . 

in single-vane (280° rotation) or double-vane (100°) standard models produces torque 
from 140 to 430,000 in.-lb. Heavy-duty units are built for 2000 psi operation. Of steel 
construction and ballbearing equipped, internal surfaces are hard-chrome plated 
May be used for clamping, indexing, 


valving, pushing-pulling, camming, pumping, transferring. Priced from $119 to $1600 


Delivery, 2 to 4 wk. Roto-Tork Mfg Co, 23919 Little Mack, 


Stators and vanes are keyed to respective parts 


over entire torque range 


St Clair Shores, Mich. 
Circle 300 on Reader Service Card 


Compression 


Subminiature force-control switch . . . 

in both tension and compression models is available in capacities of 0-5 ib, 
0-100 Ib. These can be set to operate at any point in their respective ranges. Units 
Dimensions are 


0-30 Ib and 


can have up to 4 microswitches for closing or breaking circuits 
approximately 1g x fs x 1 in; weight, 4 oz. Subminiature switches are $39 each 


Shipped within 2 wk of order. W C Dillon & Co Inc, 14620 Keswick St, Van Nuys, 


Calif. 
Circle 301 on Reader Service Card 


Rotatable arm tensions drives 
it any point over 360° range, with chang 
und 4+ in 
long are available. List prices range fro 
$15 to $16. Base and arm made of semi 
teel castings. Brewer Machine & Gear 
Co, 1441 N 2nd St, St Louis 6. 

Circle 302 on Reader Service Card 


ng base mounting. Shafts 2 


Mechanical metal-plating 
system... 


uses rubber-lined tumbling barrel 
metal parts with zinc powder (cadmiun 
and other powders are under develop 
ment). Thickness of coating is controlled 
by quantity of metal power added—n 
idditional processing time is required 
Said to eliminate hydrogen embrittlement 
Reported cost is generally lower than 
electrolytic plating. Cost advantage is 
most defined where plating must meet 
rigid corrosion specifications. Minnesota 
Mining & Mfg Co, 900 Bush Ave, St Paul. 

Circle 303 on Reader Service Card 


te 


Reversible decade counter . . 

onsists of 10 magnetic storage elem« 

onnected as a ring counter. Normally 
pulses furnished by input terminal ar 
stored in ring, which shifts them along 
from position to position; upon command, 
ounting reverses, reducing total stored in 
ring by one count per pulse A “carry 
output permits indefinite 
decades, with full reversibility. Can be 
Counting rates as 


cascading of 


preset to any count 
high as 100 ke are possible. A + 12- 
power supply is required. Price is $175 
per decade, delivery 60 days. Magnetics 
Research Co, 255 Grove St, White Plains, 
NY. 

Circle 304 on Reader Service Card 
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Electronic time-delay . . . 

relay consists of RC timing network, re 
sistance divider biasing network and gate 
circuit. Time delay is factory-set and may 
be specified anywhere between 0.020 and 
300 sec. Output relay operates only upon 
application of 28 v dec control voltage 
constant 28 v de input power also re 
quired), latching to while 
timing circuit is held in “off” state by 
When 
is removed, timing circuit starts operating 
At com 
pletion of timing cycle, circuit fires de 
This causes tim 


power line 


control voltage. control voltage 


output relay remains energized 


energizing output relay 
ing circuit to unlatch itself from power 
line and remain in stand-by, consuming no 
Standard units with +10, +5 or 
+3% of normal time delay are available 
l'empo Instrument Inc, P O Box 338, 
Hicksville, NY. 

Circle 305 on Reader Service Card 


pe wer 


Three-phase voltage regulator 
is rack-mounted. Rack mounting is made 
possible by reductions in weight and 
size of up to 30% in some ratings. This 
19-in. unit handles three-phase loads to 15 
kva. Available automatic or motor-driven, 


voltage regulator is 


no brushes, to 


reported to have 
introduce no waveform 
distortion and to be unaffected by power 
factor, frequency or load. Controls are 
said to be drift-free and to maintain 
1% bandwidth accuracy over —76 to 
140 F. Regulators are built to MIL-E 
16400 and MIL-E-4158. General Electric 
Co, Pittsfield, Mass. 

Circle 306 on Reader Service Card 


Industrial pressure switch .. . 
for pilot-duty applications on pneumatic 
and hydraulic systems of process machinery, 
machine tools, welding equipment and 
for use on pressure lubricating systems 
supplements diaphragm-actuated pressure 
switch now used for pilot-duty applica- 
tions and starting motors up to 5 hp. 
Switch has one normally open and one 
normally closed pilot-duty contact rated 15 
amp carry on 110 v, and 5 amp on 600 
v ac. Bellows type for ranges to 300 psi 
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and piston type for 135 to 3000 psi are 
available. Bellows type is offered in six 
pressure ranges and operates from air, 
oil or water pressure while piston type is 
for use on hydraulic applications. Pres- 
sure setting is shown in cover window and 
can be adjusted externally. Contacts can 
be used as two circuits if same voltage 
and polarity are applied. General Electric 
Co, Schenectady 5. 

Circle 307 on Reader Service Card 


Rotary stepping switch . . . 
provides up to 240 steps or 12 revolutions 
per sec, Electromagnetic stepping switch 
onsists of high-speed stepping motor and 
printed circuit switch decks. Operating life 
is said to average 25 million revolutions 
with light loads and adequate arc-suppres 
sion. In operation, unit will stop instantly 
at any predetermined position on switch 
deck. Flush-printed switch decks are availa 
ble in various combinations to meet spe- 
cific requirements. Brush arrangements can 
be common to 10-ring, to 20-ring, or both; 
on one or two decks. Three or more decks 
are available. Operating power ranges from 
+ to 40 w, depending on speed and num- 
ber of brushes; current-carrying capacity is 
1.5 amp at 250 v dc. Sigma Instruments 
Inc, 42 Pearl St, South Braintree 85, Mass. 
Circle 308 on Reader Service Card 


Low-cost plastic lenses . . . 
optically ground and polished in various 
sizes, shapes and types are said to cost 
about half as much as equivalent glass 
lenses. Plastic lenses are reported to trans- 
mit up to 7% more light than glass lenses 
of same thickness. Fostoria Corp, Buck & 
County Line Rds, Dept 30, Huntingdon 
Valley, Penna. 
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Low-head, high-volume pump 
rated % to 3 hp is said to be leakproof, 
noiseless and vibrationless. Measures 83 
x 8} in. and weighs about 33 Ib. Made of 
stainless steels, Hastelloy B or C, bronze, 


Rotor 


impeller, the one moving part, is directly 


type C #20, cast iron or Monel 


driven by currents generated by stator 
located in center of the electric motor 
Front and rear bearings, are lubricated by 
liquid being pumped. Corley Co Inc, 


Boonton, NJ. 
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Unidirectional stepping motor 
with high torque-to-size ratio has stepping 
rate of 15 to 25 steps per sec, depending 
and other factors 
Mechanism is enclosed in protective hous 
ing, has magnetic antiovercoast, and is 
permanently lubricated. Withstands vibra 
tion of 10 g, 2000 cps; shock of 100 g, 6 
millisec +1 millisec; 95% relative humid 
ity. Operates in temperatures of —67 to 
248 F (max coil temperature). Cam be 


used as power source for driving poten 


on positions, load 


tiometers, counters, rotary switches and 
various control mechanisms. Thirty models 
are available from stock, with or without 
detent, in 8, 10, 12, 18, 20 and 24 steps 
per revolution. Prices range from $11.30 
to $14.70 in quantities of 1 to 9. Ledex 
Inc, 123 Webster St, Dayton 2, Ohio. 
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4-way positioning air valve... 
is solenoid-operated, three-position valve 
that can “inch” an air-actuated device to 
any desired position and hold. Offered in 
closed-center or open-center design, both 
of which are equipped with built-in man 
ual operators. The valve, with #-in. port, 
utilizes prewired body and base with plug 
in feature that allows valve body to be 
removed without disturbing electrical wit 
ing. When body is reassembled, conne 

made 


tion is automatically Operates at 


continued on page 56 
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. continued 


double working pressures from vacuum to 150 psi 


ypen-center model is $95; closed-center 
model is $98.50. Delivery from stock 


= 
corrosion Mechanical Air Controls Inc, 10030 Capi- 


tal Ave, Detroit 37. 


protection Circle 312 on Reader Service Card 


on Aluminum, Magnesium and Zinc-plated parts 
with 

qanipD 

CHROMATE CONVERSION COATINGS 


and 
% 


ick-r r 
CLEAR PROTECTIVE COATINGS Qu ck elease panel fastene 

mounts flush with panel surface. Locking 
. . is accomplished by four locking balls, no 
Here’s a fast, easy way to practically ' 
double corrosion protection on your 
products. Simply follow the Iridite 
process with an application of c) 
Irilac. You give parts extra protec- moved without prying. Consists of stud 
tion from corrosive conditions, attached to panel and receptacle mounted 
added abrasion resistance, longer on chassis or framework of assembly 
shelf or storage life, protection from When stud is seated in retainer, it is 
finger marking and increased beauty locked. Can be used on flat or curved sut 
for a more attractive appearance 
and faster sales. 


threads or nuts or cotter keys. Panels snaj 
into place. Release is an automatic spring 


ection of stud allowing panel to be r 








faces with 9 in. radium minimum. Availa 
; : : ble in normal duty } in. dia and heavy 
ON ALUMINUM An Iridite-Irilac fin- duty ys in. dia. Three grip lengths a 
ish provides long life under many j 

. “ees —— commodate panels from zero to & in., & to 
service conditions. Iridite colors A hn eek Kha Sin ce Aah Yo. 250 

. ] 1 io §& 1 LICK c (, & 

range from natural aluminum to a 


golden yellow. Additional dyes give S Victory Blvd, Burbank, Calif. 
other color ranges. Circle 313 on Reader Service Card 


ON MAGNESiIUM—Irilac over Iridite 

15 increases protection, resists 

damage from handling or abrasion. Automatic counting device . 
Color range—light to dark brown. for use with equipment controlled by 
ON ZINC—Iridite plus Irilac gives pneumatic or hydraulic action screws into 
longer product life, brighter ap- line controlling air or hydraulic cylinder 
pearance. Color range—clear Iridite Adds one count for each stroke of cylinder 
to olive drab, plus colored dyes. Said to be adaptable to heavy-duty use, 

















with tamperproof key reset, stainless steel 





IRIDITE—chromate conversion coatings for non-ferrous metals opplied by dip, brush part ind plated ~weatherproof aS€S 


or spray, at room temperatures manually or with automatic equipment. Provides Models available from 1 to 5000 psi and 
corrosion resistance, a bose for paint or decorative appecrance. Forms a thin film up to 300 counts per min. Offer d with 
integral with the metal. Cannot chip, ficke or peel. No special equipment, exhaust Ea or six digits, 0.166 in. high, white on 
systems or specially trained personnel required. ik Wie od + 3400 NE S4th hae 
RILAC—Clear protective coatings for all metals. Safe and easy to handle os water. - ss neumaticount, 1 Ave, 
Apply by dip or brush. No exhaust or special fire prevention equipment required. Portland, Ore. 

Adds protection and abrasion resistance to base metals, plated ports or ports Circle 314 on Reader Service Card 
treated with electrolytic or chemical post treatments without chemical change. 














==, 
For complete technical information on IRIDITE or / i = 4 

IRILAC coatings, write for FREE TECHNICAL MANUAL. | = Penton sprayable coating . 
Or, see your Allied Engineer. He's listed under “Piat- in water suspension can be applic d to dk 
ing Supplies” in the yellow pages. ired thickness (20 to 40 mils) with a 


Allied Research Products, Inc. oe i ee ee oe 
rc aid to be required by alternate method 

4004-06 EAST MONUMENT STREET BALTIMORE 5, MARYLAND Parts to be coated do not require preheat 

BRANCH PLANT, 400 MIDLAND AVENUE © DETROIT 3, MICHIGAN 

Weel Coos! Licensee for Process Chemicals: | MH Butcher Co 


Eerepeon Agent: Store Grenberger, Storgoton 10, Stecthalm, Sweden ind complex shapes can be covered, while 
Py Wh 4 fi 
Chemcol ond Electrochemical Processes, Anodes, Rectifiers, Equipment ond Supplres for Metal Fimshing urfaces not requiring coating can be 


cD cP cop "| luded. Coating is fused to metal at 400 
Chromotes Coatings Brighteners Supplies Equipment ‘ 


continued on page 
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WHETHER YOUR PART IS TINY... 
OR WEIGHS 100 POUNDS... 


We can 
investment cast 
it for you 


Today, no matter how large the part on your on complex shapes. . . quick, inexpensive tool- 
drawing board . . . whether it weighs a few ing in design development work. 

ounces or as much as 100 pounds. . . Arwood Add to these the advantage of having a single 
can investment cast it. It makes no difference casting source for all your investment cast parts, 
what the metal or alloy is. We cast all castable both large and small. 

materials, ferrous and non-ferrous, including Our five foundries can give you the metal 
magnesium. So now you can reap the benefits of you need, the shape you need, and the quantity 
investment casting in the broadest range of you need, from a few design prototypes to many 
part sizes, weights and materials ever. Benefits thousands. 

like freedom to specify the best possible metal Write for your free copy of our 44-page book- 
for the job... sharply reduced production costs let, “Practical Guide to Investment Casting.” 


Machine the simple... cast the complex 


A complete service from design through t 


production and finish machining ‘ y 
engineering representatives from coast to « 


ARWOOD CORPORATION o° 325 West 44th Street, New York 36, New York 


PLANTS if BROOKLYN, N. Y.; TILTON, N. H.; GROTON, CONN.; LOS ANGELES AND LA VERNE, CALIF. 
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preforms 
Silver Copper Aluminum Soft Solders 


1, End Wasted Time In Placing 
Solder in position for brazing. 


2. Speed Assembly Work. 
3. Eliminate Rejects. 
4 


, Meter Solder to Flow In and 
Write for 16 page Around Joints. 


booklet on better 
brazing. 


LUCAS-MILHAUPT Engineering Co. 


5056 South Lake Drive, Cudahy, Wisconsin 
CIRCLE 204 ON READER SERVICE CARD 


Trained technical and engineering 
personnel, a completely modern 
laboratory and 15,000 square 

feet of space containing stock 
storage, curing, grinding and 
cutting equipment. 

Western Rubber offers you 
experience — more than 55 years 
of it—in the making of washers, 
gaskets, bushings and rings of al- 
most limitless sizes and shapes... all 
custom designed and economically 
produced to your specifications. 


Write or phone for in- 

formation or a visit by our 

sales engineer in your area. 
Cra 


OM se - 1-1-2 oe 


fer GOSHEN 6, INDIANA 
a oie 


Wet? 4 MOLDED AND LATHE-CUT RUBBER 
; PARTS FOR ALL INDUSTRIES 
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‘ continued 
to 500 F and bond between metal surface 
and resin is reported to be superior Cost 
of coating will vary with application. How- 
ever, in general, cost is expected to be less 
expensive than fluorocarbons and more ex 
pensive than materials like rubber and 
vinyl resins. Coating is now available on 
commercial basis. Pfaudler Co, Div Pfaud- 
ler Permutit Inc, Rochester 3, NY. 
Circle 315 on Reader Service Card 


Worm drive hose clamps. . . 
and V-band couplings are for use in join 
ing hose and pipe where extreme pressure 
and vibration conditions prevail. Hose 
clamps, which withstand up to 180 in.-Ib, 
are said to sell at half the cost of clamps 
heretofore available for heavy-duty applica 
tions. Clamp parts are stainless steel. Hose 
clamps are available in standard diameters 
of 1 to 6} in. in increments of 7 in. Worm 
drive V-band couplings are used to couple 
flanged taper joints of various pipe, ducts, 
tubing and cylindrical connections. Cou 
plings range from 3 in. dia upwards. Fed- 
eral Laboratories Inc, Dept 5-B, Saltsburg, 
Penna. 
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Spherical metal powders. . . 
with particles ranging in size from 20 to 
150 microns are said to be free of such 
defects as voids, cavities and inclusions 
Uniform shape is expected to reduce 
hazards of handling highly reactive pow 
ders and to improve quality and production 
rate of sintered parts. Six different powders 
are available in limited quantities; copper, 
aluminum, nickel, 316 stainless, tungsten 
and nichrome. Linde Co, Div Union 
Carbide Corp, 271 Park Ave, New York. 
Circle 317 on Reader Service Card 


Polyphase squirrel-cage 
motors ... 

250 through 1000 hp offer doubly pro 
tected enclosures, which are dripproof and 


have ventilating openings positioned and 
shielded to provide splash protection. Pre 
formed coils of copper strip are shaped 


continued on page 60 
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Shi, Oe Oe seas 


Savings Pile Up 
se ‘i NT _ TORRINGTON NEEDLE 
With Torrington Needle Bearings BEARINGS FEATURE: 


* Full complement of retained 
- ‘ : llers 
You get performance-plus at a low, low unit cost when you specify Torrington vo 
get p P ee 6 * Unequalled radial load ca- 


Needle Bearings. A full complement of small-diameter rollers provides a pacity 

maximum number of contact lines. The result—a higher radial load capacity + Low coefficient of starting 
ste tenn : eens neta { ble si f and running friction 

at a lower unit cost than any other bearing of comparable size or performance. > tow malt cont 


Precision rollers operate smoothly and efficiently, with a low coefficient of * Long service life 
starting and running friction. Positive roller retention is insured by turned-in * Compactnessand light weight 
lips on the outer shell, permitting faster and easier installation or assembly. : cae on hardened 
Your Torrington representative is an expert on Needle Bearings. For full * Permits use of larger and 
information on how they can bring savings and improved product design and stiffer shafts 


performance call Torrington—maker of every basic type of anti-friction bearing. 


progress through precision TORRINGTON BEARINGS 


THE TORRINGTON COMPANY Torrington, Conn. « South Bend 21, Indiana 
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| continued 
M T Pr A to make up uniform, we ll-braced winding 
AT THE ete « e SHOW 


\vailable in 440., 550-, 2300- and 4160-v 


ratings, 60 cps. Entire hp range can be 
NOTE HOW MANY NUMERICALLY P falad 


supplied with full-load speed of 3500, 


CONTROLLED MACHINES RELY, ON ee ee ee 


motors are available through 700 hp and 


575 rpm motors through 500 hp. Sleeve 
a EAV t t iB A L L 4 C K i AS bearing models can be furnished in entire 


range of ratings and speeds; ballbearing 


models through 400 ! all speeds, and 
FOR V-Voreitl sy: Ven 4 through 900 hp at lower speeds 


Wagner Electric nee, 6400 Plymouth 
IN POSITIONING - 


Ave, St Louis 14. 
Circle 318 on Reader Service Card 





Beaver Precision ball lead screws | Steel hydraulic cylinders . . . 
on all three axes provide the basic for operation at 3000 
measuring and actuating elements at 
which simplify the design of this 
tape controlled milling machine. 
Beaver ball screws move table 
of this Bridgeport Mill in response 
to signals from the Electronic bearings at both pin connections. Offered 
Control Systems, Inc. “Digimatic” with selection of rod sizes and cushion 
control and are typical of those ontrols. Pathon Mfg Co, 3823 Pacific 
now in use on numerically con- Ave, Cincinnati. 
trolled machine tools of all types. Circle 319 on Reader Service Card 
If it’s numerically controlled, 
tape or card, it is more than likely 
equipped with Beaver ball screws. 
Our engineers are available to 
you for consultation — can we help 
you improve the design of your 
equipment? 


psi, factory-tested 
5000 psi, are available in bore sizes of 
14 through 12 in. in all standard mounting 
styles and new clevis-mounted model, 
which incorporates self-aligning spherical 





Slow-speed rotating union... 
for single passage applications incorporates 
two porous metal bearings to eliminate 


radial load that may be applied to O-rings 
With hose 


thrust 


= 
4 


% 
% 
— 
=! 
es 
—T 
~~ 
— 
~~s 
4 
— 
——e 
— 


entrance between O-rings, any 


/ 








due to line pressures is balanced 
Suitable for installations where shaft speed 
is not over 250 rpm; for 150 psi air pres 
sures or 2000 psi hydraulic oil pressure 
Available for 4 in. IPS hose connections 
Rotors threaded é-in.-8 right hand, #-in 
18 NPT right hand male or 2 in. 18 NP 
female. Deublin Co, 1919 Stanley St, 
Northbrook, IIL. 


Circle 329 on Reader Service Card 


, Transistorized relay drivers 
' 


provide power to operate moderately 


= ensitive relays, indicator elements, or r 
Oeaver 


istive loads. Two available drivers are dual 


3 py ia units. Each will switch resistive load at 
Qrecision 3 | | 


frequencies up to 50 ke at currents up to 


50 ma, max, and voltages up to 28 v max 
| F re | t ‘ Driver 
few ) ole [Flea a> 
» 


will also operate with relays when 


diode clamping is provided to protect 
3 INC. igainst back surges. Units are actually 
a CLAWSON, MICH. 


germanium-switching transistors that may 
be operated directly from ‘T-series ger 


60 CIRCLE 60 ON READER SERVICE CARD PRODUCT ENGINEERING - AUGUST 8, 1960 





manium digital modules. Turn-on signal 
for one is —11 v nominal and turn-off is 
—3 v nominal. The other operates on op 
posite signal polarities, so that turn-on is 
—3 v nominal and turn-off signal is —1] 
v nominal. Both operate on +12 v dc, 
max load for both is —35 v at 100 ma, 
each output, and operating temperate 
range is —67 to 159.8 F. Engineered Elec- 
tronics Co, 1441 E Chestnut Ave, Santa 
Ana, Calif. 
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1-in. two-way solenoid valve 
is general-purpose unit for normally closed 
or normally open operation. Mounts in 
any position. Can handle air, gas, water 
light oil and other noncorrosive liquids or 
gases at pressures from 5 to 125 psi 
Operating parts consists of Buna-N dia 
phragm, stainless steel diaphragm spring 
ind stainless steel solenoid core. Operat 
on 10.5 w ac or 10 wd Available in 
y voltage up to 550 v ac, ¢ ps or 2 

v de Automatic Switch Co, Florham 
Park, NJ. 

Circle 322 on Reader Service Card 


4-way directional control valve 
is operated by air-cooled solenoids that 
are retained in their cover rather than 
being mounted separately) Nominal rating 
is 8 gpm, but value can handle flows up 
2 ied with 
ports or with 4 
Max recommended 

3 psi. Solenoid 
to have several times the lif 
air-cooled solenoids for this type of vals 
Rated for 115 v, 50 or 60 cps ac servic 
Valve is al wailable with oil-immersed 
olenoids. Vickers Inc, Detroit 32. 
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Automatic motor protector... 
responds to rising temperature and exces 
sive current draw of motor. Can be built 
into motor or used remote, attached either 
to motor surface or mounted elsewhere 
Calibration of automatic-reset circuit 
breaker or overload relay is achieved by 
oordination of bimetal element, heate: 


age 6 
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[his cLMhue 
PLASTIC 
PROTECTOR 
COSTS 


3 


repre yy a 


wititieeihaeaiae ry 


os 


Yet might save you 
thousands: of dollars 
and needless delay. 


For mere pennies you insure yourself and your 
customer against damage to your products during ship- 
ping, storage, processing. The economic facts are that 
simple. 


S. S. White rigid acetate Quality Line, plastic protec- 
tors absorb blows like a Champion Heavy-Weight. 
Impervious to acids, alkalies, greases and oils, they 
seal in fluids, seal out dirt, dust, and anything else that 
might damage expensive equipment. Note this too... 
they remove by hand in a matter of seconds... and 
leave no shreds behind. 


For even lower cost protection, look into S. S. White 
Economy Line elastic vinyl protectors. A good shock- 
absorbing, rubber-like material with a non-slip grip 
that makes removal a snap. Stays put too. Customers 
like this; saves them hours of production time 


Start buttoning up customer good will today . 
Y, 
WRITE FOR FREE BULLETIN df 
P5708 and Samples al e 
PLASTICS 
DIVISION 


Dept. 14P,10 East 40th Street, New York 16, N.Y. 
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coil and infinite contact adjustment. Avail- 
able for er” from 0.1 to 15 amp, up 
to 230 v ac. E-T-A Products Co of Amer- 
ica, 6284 N Cicero Ave, Chicago 46. 
Circle 324 on Reader Service Card 


Stock preset time-delays . . . 
cover major requirements in 0 01 to 60 
sec range. Units are said to exceed petti 
nent military specifications and are for air- 
borne, ground-support and other precise 
applications Electrical _ characteristics, 
mounting styles and connectors to cus 
tomer specifications are available in the 
line of modular units. Jordan Electronics 
Co, Div of Victoreen Instrument Co, PO 
Box 2047, Alhambra, Calif. 
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Panel-mounting blower . . . 
has dual outlet. Mounts in any standard 
19-in. rack and provides airflow of 415 
cfm of filtered air. Blower requires 83 in 
vertical panel space and has total depth 
of 94 in. Extra-large, reusable aluminum 
air filters offer max flow of filtered air 
Blower motor operates on 115 v, 60 cps, 
ic. Amco Engineering Co, 7333 W Ainslie 
St, Chicago. 

Circle 326 on Reader Service Card 


Size 15 inertial damper. . . 
can be coupled to mating servomotor 
quickly. Mounting register of motor fits 
into rear of damper and pinion drives 
damper element Output shaft and mount 
ing register of damper are identical to 
those of motor. Thus unit can be used 
without mechanical changes in existing 
gear train to raise loop performance above 
that possible with simple motor. Also 
available for size 11 and size 18. Units 
work equally well with 60 or 400 cps 
servomotors. Component Div, Industrial 
Control Co Inc, Central Ave at Pinelaw, 
Farmingdale, NY. 
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Adjustable ae supply . . . 

can handle loads from 0 to 500 v-amp. 
With nominal 115-v, 60-cps, single-phase 
input, unit provides regulated, 60 cps out 
put voltage adjustable from 0 to 260 v. 
Magnetic voltage regulation holds output 
voltage within +0.5% of max for line 
variations from 95 to 130 v ac 


] ¢ 


load regulation is less than 5% 


input 


Typical 


62 


for 50% load change. Magnetic voltage 
regulator is tubeless and employs no mov- 
ing parts. Response time is said to be 2 
cycles or less and harmonic distortion not 
Auxiliary, fixed, regulated 
115-v ac output is provided. Available for 
either rack mounting or self-contained in 
stallation. Measures 19 x 88% x 124 in 
deep. Sorensen & Co, Richards Ave, S 
Norwalk, Conn. 
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to exceed 3% 


NEMA size 00 starter... . 
rated from 3 hp 110 v to 2 hp 440/550 
v for three phase service is said to cost 
less than size 0 starters that previously 
were specified for low-hp jobs. Offers 
straight-through wiring, pressure-wire ter 
minals, molded-coil and one-piece melting 
alloy overload relays. Available open or in 
NEMA type 1 enclosure. Also available 
without overload relays. Open unit meas 
ures 3 13/16 x 5 3/13 x 3 45/64 in. 
Square D Co, Dept SA, 4041 N Richards 
St, Milwaukee 12. 
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Stroboscopic tachometer . . . 
for measurement of rotating machine-part 
speeds and observation of their operation 
in slow motion is offered in new modal, 
which features fundamental speed range 
of 110 to 25,000 rpm and white-light 
flashes with 1 to 6 microsec duration. 
Lamp produces high-intensity flashes with 
peaks of 0.21 

power on speed ranges of 4000 to 25,000, 
670 to 4170 and 110 to 690. Single flash 
million candlepewer. Light 


, 1.2 and 4.2 millioncandle 


rate peak is 7 
is housed in parabolic reflector assembly, 
with reflector swiveling around the lamp 
so that light can be directed toward al- 
most any point. Speeds of up to 250,000 
per min also can be measured by using 
flashing rates that are 
speed to be measured. 
is said to be +1% 
calibration on middle range 
housed in flip-tilt case that measures 6} 
x 54 x 83 in. Overall weight is 74 Ib 
Price is $260 net, FOB W Concord 
General Radio Co, West Concord, Mass. 
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submultiples of 
Accuracy of unit 
of dial reading after 
Assembly is 


As long as the supply lasts, readers 
in US and Canada can secure one copy 
of “P” lettered reprints, without 
charge, by using one of the Reader 
Service cards bound inside the back 
Cover. Note that the card must be used 
within 60 days of publication date. 


Response Equation 

High Strength Aluminum Alloys. . 

Plastic Cams 

Equations for 5 Tapered Cantilever 
Beams 

Digital Storage Devices. 

Epicyclic Gear Systems 

Belt Drives . 

Selecting th. Right Solenoid 

Pneumatics Simulate Electronics. 

Wear Life of Rolling Surfaces... 

Electrical Analogs Simplify Heat- 
flow Analysis 

Shaping Vulcanized Fibre Parts 

Centralized Lubrication 

Integral Ballbearings 

3-D Harness Wiring.... 

Standards for Metal Hose. 

Marking Your Part 

7 Steps to Better Oral Reporting 

Best Results with Printed Wiring 


Elliptical Gears 
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SPECIAL REPORTS 


Here is a list of special reports still 
available. You may obtain them by 
writing Reader Service Dept., PROD 
UCT ENGINEERING, 330 W 42 St., 
New York 36. Please enclose remit 
tance with order; we pay postage. 


Journal Bearing Design (25¢)....R 
Designing Brazed Joints (25¢)...R 
Avoiding Hose Failure (25¢).....R 


How to Select Miniature Lamps 
R 


How to Predict Buckling Condi- 
tions of Coil Springs (25¢).....R 


Photosensitive Glass and Chemical 
Machining (25¢) 

Solid Aluminum Bearings (25¢)..R 

Significance of WK* (25¢) ; e 

You and Your Employer (25¢). 

How to Choose the Right fae 
Flux (25¢). 


Magnesium Finishes (25¢).. 
Positive-displacement Pumps 
(25¢) 





Materials and Processes for Rein- 
forced-plastic Molded Parts 

Here is a 60-page combined re- 
print of 11 articles presenting de- 
sign data on the seven processes 
for producing glass-reinforced plas- 
tic parts in commercial volume 
applications. $2... 











Fastening Gears to Shafts.......R 
Manual for Reliability (32 p 50¢).R 46 


Stress Analysis of Combined Loads 
on Beams (25¢) bia 45 


Aluminum Diecastings (25¢) 44 
The Rare Earth Metals (25¢) 43 
Hand-Lay-Up (25¢) 42 
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Here, with a double tipped oxyacetylene torch, operator brazes 
condenser coil joints. This condenser-compressor assembly con- 
tains 30 hook-up joints, not counting return bends. 


The unit evaporator, located inside the house, contains 36 hand- 
brazed SIL-FOS 5 joints. 


International Heater Does it With HANDY & HARMAN SIL-FOS 5 


Production statistics of this manufacturer of heating 
and air-conditioning equipment show that perhaps 
one in five thousand hand-brazed joints may need 
touching up. This is a micrometer measurement away 
from absolute perfection. 


One of the Utica, New York, company’s products is a 
home air conditioner that utilizes the existing duct 
work of the structure’s hot-air furnace. Its novelty lies 
in the fact that the unit’s compressor and condenser 
are located outside the house for noise-free coolness 
inside the home. 


The unit’s evaporator is installed on top of the furnace 
for simple tie-in to the plant’s ducting for hot-weather 
operation. 


Shown here in production is International’s Model 
5-5B of 5 ton capacity. 


This “joint in quantity” record is being duplicated by 
SIL-FOS 5 silver alloy brazing in the manufacture of 
heating, air-conditioning and refrigeration equip- 
ment everywhere. Its strength, air- and leak-tightness 
and ease of application are some of the reasons that 
make Handy & Harman SIL-FOS 5 brazing one of the 
surest metal joiners in existence. We'd like you to 
know more about SIL-FOS 5 and the job it can do for 
you in joining copper and copper alloys in any shape, 
size and complexity. Our Bulletin 20 deals with this 
in a complete and informative manner. A request to 
Handy & Harman, 82 Fulton Street, New York City 38 
will bring you your copy. 


Your No. 1 Source of Supply and Authority on Brazing Alloys 


HANDY & HARMAN 


General Offices: 82 Fulton St., New York 38, N. Y. 
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INTERCONNECT 
FUNCTIONS 


SYNPRO-TEX 


SPEED DETECTING 


GOVERNOR 





A single SYNPRO-TEX speed 
detecting governor actuates fuel 
supply only after proper amount 
of air is furnished; then governor 
automatically shuts off fuel in 
event of blower failure for any 
reason. 


This is just one example of how 
TORQ governors can inter-con- 
nect as well as control, sequence, 
and limit functions by detecting 
speeds. 


TORQ governors can actuate at 
a single limit or a high and low 
limit in one or many speed ranges 
from zero to more than 15,000 
rpm. They are designed on a 
patented principle which virtually 
eliminates operating friction, and 
which results in positive snap- 
action for a service life in excess 
of 1,500,000 cycles. 
Write today for 
Bulletin No. 250 


Patents & Patents Pending 


TORQ ENGINEERED PRODUCTS, INC. 
60 West Monroe Steet Bedford, Ohio 
Phone: BEdford 2-4100 
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DESIGN LITERATURE 


Complex Variables and 
Applications 


RUEL V CHURCHILL, Professor of Mathematics, 
University of Michigan. McGraw-Hill Book Co 
Inc, 330 W 42nd St, New York 36. 6% x 91%, 
297 pp. $6.75. . 


A combination of theory and prac- 
tice, this book cites two objectives 
(1) to give a straightforward (and 
often rigorous) presentation of the 
theory of complex variables through 
the differential and integral calculus of 
analytic functions, residues, and con 
formal transformation and (2) to in- 
troduce important applications in ap- 
plied mathematics and engineering 
such as the methods of evaluating 
real integrals and the application of 
conformal mapping to studies of elec 
tric potentials, temperatures, and fluid 
flow. This second edition (first edi- 
tion published 1948) has been 
changed to include a new chapter on 
integral formulas of Poisson type, new 
material on analytic continuation, a 
revised definition of complex numbers 
and an updated bibliography. 


Probability: An Introduction 


SAMUEL GOLDBERG. Prentice-Hall Inc, 70 
Fifth Ave, New York 11. 534 x 8%, 320 pp. 
$7.95. 


In the broader scope of modern 
engineering, there is a large number 
of situations where the occurrence of 
an event is not assured and can be 
predicted only by computing its prob 
ability. This book formulates the 
theory of probability by employing 
the language and notation of sets. It 
requires no more than a background 
in high school algebra for an under- 
standing. It describes correlation and 
sampling theory; discusses random 
variables, mean values, standard devia 
tions, binomial probability distribu 
tions; provides illustrative examples 
from population genetics, sampling 


inspection, card statistical 


games, 


decision-making. 


Differential Equations 


RALPH PALMER AGNEW. McGraw-Hill Book Co 
Inc, 330 W 42nd St, New York 36. 614 x 91/4, 
485 pp. $7.50. 


This is the second edition of this 
book, the first was published in 1942 
It is intended as a textbook, but is 
thoroughly suitable as a_ reference 


book for engineers. It covers consid 
erable ground in a narrow span of 
pages; significant chapters deal with 
first-order differential equations, linear 
differential equations, use of series, 
numerical methods, Laplace trans- 
forms, series expansion of operators, 
Kigenvalues, Fourier series, and pat 
tial differential equations. Sections 
of each chapter are illuminated by 
numerous examples and sample prob 
lems. In this new edition, the mate 
rial has been substantially reorganized, 
and new problems have been added 
which are relatively casy but neverthe- 
less helpful in understanding the ma 
terial. 


Digital Computer Principles 


WAYNE S IRWIN. D Van Nostrand Co Inc, 
120 Alexander St, Princeton, NJ. 6 x 9, 321 
pp. $8 

“On an isolated concrete pad, a 
slender rocket stands erect, pointed 
toward the blackened sky.” For a 
first sentence in a book on digital 
computers, that is perhaps a bit lyric. 
But this is a semitechnical treatment 
of the subject Mr. Irwin writes 
clearly and interestingly about the 
usual subordinate topics of digital 
computing: symbolic logic (with quick 
looks at Boolean algebra, Vn dia- 
grams, Karnaugh maps), storage, tim 


ng, arithmetic, 


io] 


control, programing 
Chapters are short (there are 42 of 
them), punchy and technical enough 
to hold the interest of most engineers 
Though this book competes with 
many other books on the same 
subject, its scope—and Mr. Irwin's 
writing ability—should assure it a 


place in the market 


Mathematical Methods for 
Digital Computers 


Edited by RALSTON AND WILF. John Wiley & 
Sons, 440 Park Ave South, New York 16. 7% 
x 10%, 293 pp. $9. 

To a large extent, computer mathe 
matics is unlike other varieties. That 
is because the digital computer is an 
uneducated beast: 5th-grade arith 
metic is all it knows, and more sophis 
ticated problems must be reduced to 
this base before they can be solved. 
his collection of papers presents the 


continued on page 66 
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“CUSTOMEERED CO 
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MPONENTS BASIC TO INDUSTRY” 


4 


Wide range of ports includes (top, left to right): valve stem deflector, condenser seal, (bottom) seal piston rod 


packing, universal joint seal, and oil seal. These vary in dimensions up to |'/2 


‘in diameter and 1” in thickness. 


NEW! Precision rubber parts continuously 
molded in high volume... at 


Precise tolerances within +0.003 in. 
are now possible in large volume 
production of custom-molded rubber 
component parts. Ohio Rubber’s new 
high-speed, continuous molding process 
produces such parts at rates of up to 
200,000 pieces per day. 


Greater precision, which results in 
important savings on finishing costs, is 
assured through use of single-cavity, 
self-registering molds. They mit 
accurate, uniform application of pres- 
sure to minimize flash—maintain con- 
sistent tolerances for all dimensions 
Uniform material thickness is equally 
assured by a plasticizing mill, which as 
an integrated part of the process directs 
uniform charges to each mold. 

Direct feeding, from the mill to the 


mold wheel, eliminates the conventional 
intermediate extrusion step and further 
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insures part uniformity and quality 
consistent with specifications. The con- 
tinuous process permits precise control 
of time and temperature for each part. 


Large volume production results in 
substantial cost savings for small, 
precision parts requiring tolerances 
obtainable by other precision molding 
processes. For parts formed by less 
precise, conventional methods, per- 
formance can be improved through 
greater accuracy—and without prohibi- 
tive increase in cost. 

Quantity requirements involving 
500,000 or more parts annually are 


THE On1o RuBsseR COMPANY 


lower cost 


recommended for most advantageous 
use of the new process. Since two simi- 
lar parts of different size can be pro- 
duced simultaneously by alternating 
the molds on the molding wheel, lower 
production runs which might not be 
economical can be combined with a 
separate order. 


Complete information on this revo- 
lutionary new process is available in 
bulletin form. Send for your free copy 
today. At the same time, be sure to 
inquire about Ohio Rubber’s complete 
component “Customeering” service 
molding, extruding, and bonding-to- 
metal. Just mention ORCO Bulletin 715 
DE-260 


General otficee WV LLOUGHN BY, GDHIO « wiitenaii2-050 : 


A DIVISION OF THE 


EAGLE PICHER COMPANY 6%tner 
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DESIGN LITERATURE. continued 


common techniques of digital com- 
putation and gives a detailed, step-by- 
step discussion of the processing of 
complex mathematical and physical 
problems. Each chapter has been 
authored by a man in close contact 
with the latest developments in that 
particular class of mathematical 
problem. Chapters follow a standard 
format; each begins with the purpose 
of the program and follows that with 
mathematical analysis, flow chart, 
memory requirements, estimate of 
running time. The book is divided 
in six parts with four or more 
chapters in each. Parts are: genera- 
tion of elementary functions, matrices 
and linear equations, ordinary differ- 
ential equations, partial differential 
equations, statistics, miscellaneous 
methods. 


Infrared Radiation 

HENRY L HACKFORTH. McGraw-Hill Book Co 
Inc, 330 W 42nd St, New York 36. 6 x 9, 
288 pp. $10. 

Infrared radiation—what it is, what 
it does, and how it is used—is ex 
plained. Topics covered are: basic 
physical laws and principles; infrared 
radiation sources; atmospheric trans 
mission; optical components; detec 


You can save money and time by having Stolper tors; instruments; applications in the 
produce your sheet metal parts and assemblies = *“!°""°«S. industry and space 


Over 50 years’ experience can provide you with: 
@ CREATIVE DESIGN — FOR APPEARANCE Other Books of Interest 
e INGENIOUS ENGINEERING — FOR ECONOMY + Be 
@ RELIABLE FABRICATION — FOR FINE QUALITY Statistical Handbook of Science 
- , ‘ . : Education 
Without any capital investment you can employ these diversified National Science Foundation, Woshington 25 


facilities in steel, aluminum and stainless. DC. Available from Superintendent of Docu 


See for yourself — write soon. ments, US Govt Printing Office, Washington 
25, DC. 6 x 9, 94 pp, 55¢. 


STOLPER STEEL PRODUCTS CORPORATION A compilation of data on education ond 


305 PILGRIM ROAD training resources and performance for scien 


MENOMONEE FALLS (Milwaukee District), WISCONSIN : : F ae Pe 
Photoconductivity of Solids 
make a ; : R H Bube. John Wiley & Sons Inc, 440 Fourth 
= - eS Ave, New York 16. 6 x 914, 461 pp, $14.75 
Provides a unified physical description, in 


= 
tough job easy ig =| | = terpretation of phenomena, correlation between 
—_—EE——— L A 


photoconductivity (photovoltiac effect) and re 

Ask Allen to design, engineer “ | lated phenomena in insulators and semi 
and build a cab to match your et 

machine. Diversified experience — Encyclopedia of American 
assures maximum safety, smart pee | Associations, Geographic Index 

tvlin oon one SH If ) Gale Research Co, 34th floor, Book Tower, 
styling, effortless visibility and K ZA Detroit 26. 8Y2 x 11, 174 pp, $15. 
operator convenience at reason- ( . | This second edition lists associations, societies, 
able cost. Ask for more details >. Ld ] | other nonprofit organizations by state and city 


— no obligation. IU] , Specifications for Dry Cells and 


ALLEN INDUSTRIAL PRODUCTS, INC. [im PP 7]_J | | Batteries, Handbook 71 


Superintendent of Documents, US Govt Printing 


Affiliate of Stolper Stee! Products Corporation A . 
306 Pilgrim Road ene 77 Office, Washington 25, DC. 82 x 11, 20 


MENOMONEE FALLS (Milwaukee District), WISCONSIN pp, 25¢. 
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Synthane m 


AKCS 


laminated plast 


Quality is Precision and People and Pride 


We make and sell laminated plastic 
sheets, rods, and tubes. But nearly 
all of our customers prefer us to fabri- 
cate their parts from these materials. 

Synthane quality starts with the 
rigid inspection of incoming raw ma- 
terials. From this point forward, to 
the finished laminate, control is the 
byword. In fabricated parts, too, 
quality is precision, people and pride. 
Measuring instruments of all kinds, 
many of our own design, gauges, pre- 
cision tools and other specialized 


You furnish the print 


equipment all contribute to Synthane 
quality products. Our people, through 
years of experience, know how to 
machine laminated plastics to achieve 
the dimensions and tolerances you 
require. 

Quality is a matter of pride on the 
part of every Synthane craftsman 
who works on your job. And sixty 
per cent of our people have been with 
us for 10 years or more. 

Aside from the first class job Syn- 
thane gives you, it will hardly pay 


we'll furnish the part 


you in money or headaches to do 
your own machining. Ask your Syn- 
thane representative for a quotation. 
You'll find him in the classified tele- 
phone book of any principal city or 
write Synthane Corp., 4 River 


Road, Oaks, Pa. 


CORPORATION 


Sheets « Rods « Tubes « Fabricated Parts 


OAKS, PENNA. 


Moided-laminated « Moided-macerated 
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A 120-AMP SHOCK FOR ENGINEERS 


SPACE OR WEIGHT | . who wae they a —— ae 
LIMITATIONS ? B5 ? C4 ] 047 Ohio Carbon’s Electrographitic Brush Grade 


rated at 80; runs at 120 amps per square inch! 


Capable of a load of 120 amps per square inch, 
commutating well at 350°F and at 5000 fpm, with 
a kinetic friction coefficient of less than .4, yielding 
low abrasive action but creating a thin, stable com- 
mutator film free of selective action or grooving, 
and working well in the presence of silicone insula- 
tion (wherever not fully enclosed)...Ohio’s Brush 
Grade D5S is but one of the outstanding D series 
for compact, modern, high-speed, high-h.p. motors 
and high-k.w. generators. 


D5S load-wear graph and full 
information on request...from: 


12508 BEREA ROAD 
DEPT 285 
CLEVELAND 11, OHIO 


Specify Local Mounted 
UE SKELETON TYPE 


TEMPERATURE CONTROLS 


UNITED ELECTRIC temperature controls are precision- 
built, compact and economical. Type B-52 was de- 
signed especially for controlling air temperatures 

Type C41 and C47 for liquid or hot plate 
temperatures . . . These controls are direct-immersion 
units designed for easy installation. 


Temperature Ranges Type C41 & C47 100° or 200 CIRCLE 205 ON READER SERVICE CARD 
between 0° and 425° F limits 
Type B52 calibrated 40° F spans 
between 30° and 120° F 


Thermal Assemblies various immersion ~— ' 
liquid-filled seamless brass bel- 
lows operate by hydraulic action 


Switch Ratings 15 amps or 20 amps at 115 or 


230 volts A.C.; also D.C. switches 

available upon specification 

Switch Actions N.O., N.C., or Double Throw, 
no neutral position 


Electrical Connection attached directly to screw or R FAD E RS 
solder terminals on switch 


Size & Weight approx. weight . . . 41/2 0z., 


approx, size . . 37,” “S s 
11,4" 


Variations design vatiations available upon 


specification 
UNITED ELECTRIC manufactures a complete line of CARD 


temperature, pressure and vacuum controls. For ap- 
plications requiring custom-built units or modified 
standard units, call upon a UE application engineer f 

for recommendations. Write for complete specifica- Or: 
tion and pricing data on the Type B52, Type C41 — 
or Type C47 local mounted temperature control, and additional product 
for information regarding other United Electric 
temperature controls. 






































information 


~ United Lectric Controls © copies of catalogs 


COMPANY | & bulletins 
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DESIGN LITERATURE continued 


Acronyms Dictionary 
Gale Research Co, 34th floor, Book Tower, 
Detroit 26. 52 x 8, 192 pp, $10. 

A guide to alphabetical designations for 
associations, societies, nonprofit organizations, 
international organizations, government 
agencies, etc 


Semiconductor Abstracts 
Edited by C S Peet. John Wiley & Sons Inc, 
440 Fourth Ave, New York 16. 82 x 11%, 
449 pp, $12. 

This is Vol 5 of a yearly cumulative refer- 
ence to the literature on semiconductors. In- 
cludes material published through 1957. 


ABSTRACTS 
FROM THE LITERATURE 


A method is developed for deter- 
mining optimum insulation thickness, 
materials and other facters to obtain 
a steady-state temperature condition 
Curves are presented for various ma- 
terials for application to sea level de- 
sign problems. ‘An exaraple demon- 
strates theory and curves discussed. 
“Selection of Optimum Insulation,” Glen R 
Williams, Vought Aeronautics, Div Chance 
Vought Aircraft Inc, Box 5907, Dallas 22, 
Texas. SAWE paper 268, presented of 19th 
Annual National Conference of Society of 


Aeronautical Weight Engineers, May 16-19, 
1960. 


Designing Polyolefin Parts 
Discusses detailed design consider- 
ations such as bottoms, side walls, lips 
and edges, and also suggests methods 
of overcoming molding defects. This 
resin group includes low-, medium- 
and high-density polyethylenes, ethy- 
lene copolymers, and “‘isotactic” poly- 
propylene. 
“Design Tips for Polyolefin Parts,” Scott, Smith 
and Alexander, Phillips Chemical Co. Modern 


Plastics, June ‘60, 575 Madison Ave, New 
York 22 


Electrical Contacts and 
Connections 

Electrical and mechanical proper- 
ties of various types of electrical con- 
tacts and connections are discussed, 
together with the considerations affect- 
ing selection for specific applications. 
Commonly used materials are de- 
scribed, as well as the effects of 
environment, available space and 
methods of making connections (rivet- 
ing, bolting, crimping, soldering, braz- 
ing, welding). Cross-sectional drawings 


continued on page 


The “O”’ Ring you 
use is more than 
a seal... It’s a part 
of the quality of 
your product. 


The quality of Precision “O” Rings protects the quality and 
performance standards you set for your product. They add 
to the reliability of your product in use... help preserve 
your reputation as a manufacturer of a reliable product. 

Precision “O” Rings give you assurance, for their quality 
is maintained by over 100 inspections and quality control 
tests. They meet all military and commercial specifications 
If it's a Precision “O” Ring, it's Precision-made! 

There is no substitute for reliability. Write, wire or phone 
for data sheets on “O” rings or for the help of a Precision 
Sales Engineer today 


recision Rubber Products 


Corporation * ©” Ring and Dyna-seal Specialists 


Dept. 6, Oakridge Drive, Dayton 7, Ohio  Conodian plant at: Ste. Therése de Blainville, Québec 
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Ductile Iron Castings... 


with 2 GUARANTEE? 


That’s right— when you bring your 
ductile iron casting problems to 
Advance you get satisfaction or the 
castings cost absolutely nothing! 

Advance has the production 
know-how and essential controls to 
support this claim without reserva- 
tion. Every phase of production .. . 
sand preparation, handling, and 
melting practice . . . is closely super- 
vised and backed by a unique system 
of statistical quality control. 

Ductile Iron gives you many phys- 
ical advantages of steel, with the 
process benefits of cast iron. And 
remember, Advance gives you 
GUARANTEED performance! 
Castings up to 80,000 pounds... 
delivered on schedule. 


THE ADVANCE FOUNDRY COMPANY... makers of Steento metal 


107 SEMINARY AVENUE., DAYTON, OHIO 
CIRCLE 70 ON READER SERVICE CARD 


Frederick Krampf, _ 
noted child psychologist, 
enjoys reading in a ferris wheel. 


“I like to surround a problem,” he says. 
You'll be surprised how much faster your 
engineers and managers can solve their 
problems when you encourage them to do 
more reading that suits their special needs. 
Remember, a good place to read is a good 
place to think... and if you pay engineers 
and managers to think, encourage them to 
do more reading. Like so many successful 
men who read their “most useful” McGraw- 
Hill publications, they’|l find the best place 
... home or plant, office or hammock. But 
wherever they read, remember, you share 
in the rewards.* 





*Yes, when they read, you profit, too. 
Write on your business letterhead for a personal 
copy of booklet, “The McGraw-Hill Engineered 
Reading Program.” 


+ onal 
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DESIGN LITERATURE 


continued 


of typical types of connections to- 
gether with photographs showing 
effects of use are also included. 
“Mechanical Problems of Electrical Contacts 
ond Connections,” L. W. Flenner, Therm-D-Disc, 
Inc. Presented at AIEE Subcommittee on Do- 
mestic Appliances 11th Annual Conference, 
Mansfield, Ohio, May 16-17, 1960. American 
Society of Electrical Engineers 33 W 39th St, 
New York 18. 


Circles in Perspective 

Gives an exact construction for 
determining leading dimensions of 
ellipse representing projection of the 
circle required. Academic proofs are 
omitted and constructions and ex- 
planations simplified as much as 
possible. 
“Geometrical Construction of Circles in Per- 
spective,” W. H. Sheppard. Design Engineer- 


ing, June ‘60, 481 University Ave, Toronto 2, 
Canada. 


CATALOGS 
AND BULLETINS 


To obtain copies of literature described be- 
low, circle corresponding number on post- 
card inside back cover. For those catalogs 
and bulletins available only when requested 


on company letterhead, see page 72. 


DIFFERENTIAL SPEED REDUCERS 
—Catalog HM 60, 16 pp 


neering data, mounting information, serv 


Contains engi 


ice factors, horsepower, torque and over 
hung load rating for these horizontal mo 
torized units, which cover 1.1:1 to 50,000:1 
ratio range. Winsmith Inc, 23 Eaton 
St, Springville, Erie County, NY 

Circle 350 on Reader Service Card 


PRECISION CASTING—Brochure, 56 
of Shaw 
describes sequence of operations of which 


pp. Tells history and 


proc ess 
it consists. Characteristics of molds and 
cores used are discussed as well as their 
influence on design of parts to be made by 
process. Industrial applications included 
Shaw Process Development Corp, 82 
Shore Road, Port Washington, NY 

Circle 351 on Reader Service Card 


SPECIAL-PURPOSE FASTENERS—Bro 
chure, 4 pp. Describes quick-release pins, 
blind rivets, panel fasteners and includes 
typical application drawings and some 
data. Deutsch Fastener Corp, Dept 
DF155, PO Box 61072, Los Angeles 61. 

Circle 352 on Reader Service Card 


SYNTHETIC FLUIDS AND LUBRI- 
CANTS—Booklet, 52 pp. Describes prop- 
erties and uses of polyalkylene glycol fluids 
and lubricants. A separate section dis- 
cusses selection for any given application, 
whether lubrication, as safety hydraulic or 


functional fluids, solvents, plasticizers, 
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antifoaming agents, chemical intermedi 
ates. Union Carbide Chemical Co, Div 
Union Carbide Corp, 30 E 42nd St, New 
York 17. 

Circle 353 on Reader Service Card 
TIMERS—Folder, 4 pp. Describes con- 
struction, operation of interval, fixed-time 
and impulse electric timers. Miller-Harris 
Instrument Co, 601 E Ogden Ave, Mil 
waukee 2. 

Circle 354 on Reader Service Card 


COATING FOR BRASS AND BRASS 
PLATING—Bulletin M-800, 2 pp. De- 
scribes water-soluble, nonflammable dip- 
coating for protection of brass and _ brass- 
plated steel. Gives application information 
and tests results. Bee Chemical Co, 2700 
E 170 St, Lansing, Ml. 

Circle 355 on Reader Service Card 


HOSE CLAMPS—Booklet 
Describes several basic types of clamps, 
such as solid band, radial, worm drive, 
quick-latch, T-bolt, adjustable. Wittek 
Mfg Co, 4305-43 W 24th Pl, Chicago 23 

Circle 356 on Reader Service Card 


5-60, 15 pp. 


SUBMINIATURE SWITCHES — Data 
sheet 175, 4 pp. Describes switches with 
gold contacts suitable for 
lock, selector and other applications in 
low-voltage circuitry. Micro Switch, Div 
Regulator Co, 


on-off, inter 


Minneapolis-Honeywell 
Freeport, III 
Circle 357 on Reader Service Card 


THERMOCOUPLE WIRE — Catalog 
C-100-2, 13 pp. Contains information on 
various grades of thermocouple and exten- 
sion wire, such as prices, ratings, insula 
tion. Minneapolis-Honeywell Regulator 
Co, Wayne and Windrim Ave, Philadel- 
phia 44 

Circle 358 on Reader Service Card 


SHAPED WIRE—Catalog DH-1226-A, 16 
pp. Covers facilities for providing wire of 
various analyses preshaped to desired cross 
section. Also provides ordering instruc 
tions and various useful data. Page Steel 
& Wire Div, American Chain & Cable 
Co Inc, Monessen, Penna 


Circle 359 on Reader Service Card 


POWDERS— 
Shows 44 in-stock metallic 
pigment bronze powders. Also contains 
information on application Crescent 
Bronze Powder Co, 118 W Illinois St, 
Chicago 10. 

Circle 360 on Reader Service Card 


METALLIC 


Color card. 


BRONZE 


HOLE SIZING AND FINISHING—Bul 
letin B-46, 12 pp. Describes “ballizing” 
process, lists production and cost consider 
ations, and tells. how to determine signifi 
cant design factors in a given application 
Gives data on balls of tungsten carbide and 


continued on page 72 
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when your PLANS 


; call for WHEELS call 


ELECTRIC 


for design assistance 


Sand automated pro- 


duction of industrial 
and agricultural wheels 


Dependable 4 estimates, 


design counsel and help, cost- 
cutting production recommenda- 
tions—yours practically at the 
snap of a finger. These, and more, 
are the added advantages of 
Electric’s highly automated oper- 
ation together with an ideal 
Midwest location for on the-job 
service. 


And behind every trained Electric 
Wheel sales engineer stands 
Electric's more than 100 years’ 
experience in transport engineer- 
ing. Call or write today for the 
exact industrial or agricultural 
disec- or s oke-type wheel 
(steel or rubber tired), rim, hub, 
axle or component part you're 
looking for. 


“What we se// is quality and service” 


LED BGERC™ 
WHEEL COMPANY 


Write to Department 4-4 
1120 N. 28th St., Quincy, Iilinois 
BAidwin 2-5320 
Div. of The Firestone Tire & Rubber Co. 
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/ NATIONAL 
COVERAGE Positions Vacant 


DISPLAYED ———RATES——— 

The advertising rate is $37.00 per inch for all adver- 
tising appearing on other than a contract basis. 
Frequency rates quoted on request 


An advertising inch is measured %” vertically on & 
column—3 columns—30 inches to @ page 


Box Numbers 


for 4 consecutive 
Subject to Agency Commission 


Send NEW ADS to Classified Advertising Div 





EMPLOYMENT OPPORTUNITIES 


The Advertisements in this section include all employment opportunities 
tive, management, technical, selling, office, skilled, manual, etc. 


Civil Service Opportunities 
Selling Opportunities Wanted 
Seiling Opportunities Offered 


UNDISPLAYED 


$2.10 per line, minimum 3 lines. To figure advance 
payment count 5 average words as a line. 
Position Wanted Ads are % of above rate. 
counts as | line 
Discount of 10% if full payment is made in advance 
insertions 
Not subject to Agency Commission 
of PRODUCT ENGINEERING, P.O. Box (2, N.Y. 36, N.Y. 


execu- 


Employment Agencies 
Employment Services 
Labor Bureaus 











men em me we 


| 
| 
| 


ANNOUNCING 


CLEVITE'S uhra-moder 
SEMICONDUCTOR PLANT 


on 
FABULOUS “ELECTRONICS HIGHWAY" 
Route 128 


MECHANICAL ENGINEERS 
MACHINE DESIGNERS 


BENEFITS: @ Top Salaries @ Blue 
Cross-Blue Shield @ Tuition Reim- 
bursement @ Paid Accident and 
Health Insurance @ Pension Plan 
@ Paid Vacations 


CITIZENSHIP NOT REQUIRED 


CALL COLLECT or send resume 
to Engineering Placement Director 


CLEVITE 


TRANSISTOR 
Waltham 54, Mass. TWinbrook 4-9330 





WE'RE IN SPACE 


with a company-owned Space 
Flight Simulation Laboratory 
(our lab) now 
ing completion. It incorpo 
rates a Mach 20 hypersonic 
facility with a 4000°F 
and 5000 psi air 


WE'RE IN ORBIT 


with the fabrication 
and erection throughout the 
country of facilities geared to 
space age needs—a Mach 14 
hypersonic tunnel with 
sustained flow; a 
motor high altitude simula 
tion chamber; a 100,000 psi 
Mach 20 shock tunnel; and 
many others 


WE WANT YOU...iF 
you qualify: 


Immediate openings: (1) EXPERI- 
MENTAL PHYSICIST and (2) 
ELECTRONICS ENGINEER—for 
Advanced Pianning Division, on 
problems of measurement and 
control, advanced equipment. 
Good report writers. Graduate deg. 
desir. At least 5 years exp. Salary 
to $12,000 (3) MECHANICAL DE- 
SIGN ENGINEER—for complex test 
fixtures, facilities. Exper. in de- 
sign for (-450°F to 5000°F) envi- 
ronments desirable. Considerabie 
proposal work. At least 5 yrs. de- 
sign exper. Salary to $11,000. (4) 
ASSISTANT PROJECT ENGINEER 
—for major facilities, wind tun- 
nels, space simulation equip., etc. 
Fluid dynamics exper. plus train- 
ing in at least one additional engi- 
neering specialty (electronics, 
structural, etc.) required. At least 
2 yrs. exper. Salary to $9,600. 
Write J. Leonard Frame, Pres. 


5740 Wayzata Boulevard 
Minneapolis 16, Minn. 


second near- 


heater 


supply 


design, 


rockel 

















POSITION VACANT 


Design Engineer—Excellent opportunity for 
graduate with degree in chemical, electrical 
or mechanical engineering in our Gas Fired 
Heating Unit. Position opening is such that 





PROFESSIONAL 
SERVICES 








we can consider recent graduate or engineer 





with up to three years’ experience. Position 





is concerned with conducting laboratory and 
engineering investigations including perform- 


ance data, U. L. and A. G. A. tests and field 
* Pr 


RELIABILITY EVALUATION 
AND IMPROVEMENT 





testing gas fired heating products. Please 
submit resume and salary requirements to: 


‘actical of in 
Statistical — for Engineering, Research and 
Devel t and Manuf in 





Personnel Administrator, Research Depart- 
ment, Plumbing and Heating Division, Amer- 
ican-Standard, 834 East Broadway, Louisville 
4, Kentucky. 





140 Federal St., 


Liberty 2-6658 








information on more products or better service—more value 





Your Inquiries to Advertisers Will Have Special Value 
for you—the advertiser—and the publisher, if you mention this publication 
tisers value highly this evidence of the publication you read. 


enable the publisher to secure more advertisers and—more advertisers mean more 


Adver 


Satisfied advertisers 


to YOU 








DESIGN LITERATURE continued 
chrome alloy steel for ballizing holes from 
0.20 to 5 in. ID. Industrial Tectonics Inc, 
3686 Jackson Road, Ann Arbor, Mich. 
Circle 361 on Reader Service Card 


sheet 


FLOWMETER-Catalog CM-47, 
2 pp. Discusses vortex-velocity principle of 
flow measurement and describes rotor 
based device developed to measure gas or 
liquid flow. Rotron Controls Corp, W ood 


NY 
Circle 362 on Reader Service Card 


stock, 


KG, 
for 


ges used for measuring 


FORCE GAGES—Bulletin 750 


ications and 


+ pp 


Give spec prices line of 


| direct-reading ga 
compression loads in 
ranges of 0-500 1-500 lb. Appa 
ratus Div, Hunter Spring Co, Div Ameri 
mi Machine & Metals Inc, | Spring Ave, 
Penna 


Circle 363 on Reader Service Card 


oth tension and 


grams to 


Lansdale 


BRUSHES—Bulletin 4 Folder, 4 pp 
Illustrates various types of machine-driven 
brushes available M W Jenkins’ Sons, 
Inc, 444 Pompton Ave, Cedar Grove, NJ 


Circle 364 on Reader Service Card 


LETTERHEAD REQUEST ONLY 
Manufacturers who published 
t asked that requests for 


lite 
made on company letterheads 


following 


rature copies be 


CIRCUIT -CONTROLLING COUN. 
r'ERS—Assorted booklets, about 60 pp 
Describes count and/or time-regulated de 
vices which use revolutions, strokes or 
impulses to control processes, machine mo 
tion and other Gives 
data 


cycling 


operating factors 


on circuitry, dimensions, possible 


arrangements, applications, elec 
trical ratings and requirements. Counter 
and Control Corp, 4503 W Brown Deer 


Road, Milwaukee 18 
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So we went... 


. to Saturn’s first test firing open 
the eighth successful 
static test firing of the Saturn booster 

and felt the ground tremble and our 
ears quake at the impact of 1,300,000 
Ib of thrust and 120 db of noise. The 
flames roared down into a high-pres 
sure stream of water (forced into the 
baffle channels at a rate of 40,000 gal 
per min.) and then deflected sharply 


to the press 


up and away producing a cloud of 
white steam that drifted off down 
range, disappearing quickly under the 
hot Alabama sun (see cover) 

We stood about 650 yards from the 
test tower—a steel-reinforced block of 
concrete 177 ft high, about 30 ft on 
a side. The booster was mounted in 
a load-bearing gantry well up off the 
ground level so that the rocket thrust 
could be deflected out and away from 
the base of the tower. 

This was the second full-time test 
of the superbooster. That means ap 
proximately 750,000 Ib of high-grade 
kerosene and liquid oxygen were 
burned in exactly 122 seconds. The 
booster is really just a monstrous 
cluster of tanks (dead weight: 85, 
000 lb) made up of a 105-in.-dia 
center tank encircled by eight 70-in. 
tanks. The center tank and four of 
the smaller tanks hold the 
he remaining four hold kerosene. 

The tanks feed the kerosene and 


oxygen 


oxygen to eight rocket engines 
mounted in two groups under the 
spherical ends of the tanks. The four 
central engines are closely spaced and 
fixedly mounted in a small circle near 


the booster axis. The remaining four 





be moved for directional control of 
the rocket. The test included swing 
ing of the engines to check the con 
trol under firing conditions 

Ihe Saturn is the first stage of 
America’s greatest hope in the spacc 
race, The 1,300,000 lb of thrust (ul 
timately 1,500,000 Ib) is more power 
ful than any rocket in the world—at 
least as far as we know. But it won't 
push any upper stages into orbit or for 
space exploration until 1963 at the 
earliest—assuming everything goes 
well. Of course, by that time the Rus 
sians will almost certainly have their 
own experimental engines in operation 

but catching up is bound to be a 
slow process. 

So far everything is going very well 
indeed. The booster has performed 
perfectly for each of the seven static 
firings that slowly lifted firing time 
from two engines and less than ten 
seconds to all eight engines and ovet 
120 seconds. Wernher von Braun, 
head of the project, was cautiously; 
optimistic, “Starting eight engines at 
once is apparently a lot simpler than 
we thought.” 

It may not be complicated, but it 


RMK 


certainly is impressive 





“INTERESTED 


IN 
REINFORCED 
PLASTICS? 


WE’D LIKE TO HEAR FROM 
YOU ... if you have a require- 
ment for reinforced plastics— 
particularly one with a diffi- 
cult applications engineering 
problem. We like the tough 
ones like the jet engine com- 
pressor stage of 700°F mate- 
rial illustrated—but we'll take 
on the easier jobs, too. 


Your problem statement would 
be welcomed. If you would like 
to know more about us we'll 
send you information on our 
background of experience and 
facilities. 


Write to: 


FAIRCHILD 
PLASTICS BRANCH 


Fairchild Engine & Airplane Corp. 
Copiague, L. I., N. Y. 


are mounted on gimbals so they may 
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‘reuees canine || INDEX OF PRODUCTS 


ADVERTISED IN THIS ISSUE 











ifter reading the advertiements classified below... MORE DETAILED INFORMATION about 
these products can be obtained by using the READER SERVICE CARD 


o 


Actuators Insulation 


Mechanical 
Aluminum Alloys 


L 


Flexible Shafting reduces the nois) and Laminated Plastics (see Plastics, 
cumbrous gearing used in conjunction with 
solid shafts. It has the ability to transfer 
power from remote places, over, under, and 
around obstacles found in the path of in Bearings 

stallation between the drive and the driven Ball 

units. Flexible Shafting requires very few Miniature 

parts, making them inexpensive; whereas Needle 

solid shafts using universal joints, miter Roller Magnets 
geors, and geor trains, many times would Books , Moldings 
not be feasible because of their noisiness 
or lack of economy. With a Flexible Shoft 
assembly, design may be simplified and your 
engineering time spent on other necessary 
component parts without having to worry that Pneumatic 
they will create obstacles when placed where Brazing .. é Integral 4th Cover, 

you want them, Brazing Motors, D-C 

Alloys . Fractional 4th Cover, 5 


Brushes, Electrical Integral 4th Cover, 


Laminated) 


Brake Motors Plastics (see Plastic Parts) 
Brakes Rubber (see Rubber Parts) 
Electric : Motors, A-C 
Fractional 4th Cover, 


Flexible Shafting cuts down on vibration thus 
offering long life with every little maintenance 
required. For complete Flexible Shaft in 
formation, write F. W. Stewart Corporation, 
4311 Ravenswood Ave., Chicago 13, Illinois 











CIRCLE 207 ON READER SERVICE CARD oo pnige Atioys Plastic Parts 


Castings Plastics 


Castings, Precision Investment : Plastics Fabricated 
ow Ceramics Plastics Laminated 
Power Packs 


Clutches 
Mechanical Electrical & Electronic 


Pneumatic Pumps 
Coatings Liquid 2nd Cover 
Controllers 
Controls 


Electrical 
Couplings 
Mechanical Relays 
Reproduction Supplies 
Rubber 
Rubber Parts 


Drafting 
Supplies 


NOW! Synthetic Fiber Felts and Wool Felts Seals 3rd Cover, 
designed for exacting, Sheet Fabricated 
special applications! Silicone Rubber 


NOW! Available CUT to meet your specifications! - Silver Alloys 
nclosures Splines 


NOW! Large diversified inventory insures Steel 
prompt delivery! Stainless 


*Available in all weights, Structural Forms & Shapes 


widths, colors, etc. and = F 
made to S.A.E. and Federal | & Fabricated Plastics (see Plastics, 
Gov't. Specifications. Fabricated) T 
Fabricated Steel (see Sheet Fabricated, 
Structural Forms & Shapes, Weldments) Tantalum & Tantalum Alloys 
Felt ae 74 Thermostats 
‘ Flexible Shafts 74 Tracing Paper 
p= A of samples ; Forgings 25 Tungsten Carbide 
d applications of ging 
industrial Feit. 
Write for Booklet K-4, 


CONTINENTAL FELT company os Weldments 66 
4 WEST 15eh STREET NEW er NY Gears Wheels 71 
Governors Wire Cloth 23 
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INDEX TO 
ADVERTISERS 


This index is published as 
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Advance Foundry Co..... 70 
Allen Industrial Products, Inc., Subs., 
Stolper Stee! Products Corp . 66 
Allied Research Products, Inc 
Aluminum Co. of America 28 
Armco Steel Corp... ; 2 
Arwood Corp. 57 


Beaver Precision Products, Inc 


Cameron tron Works, Inc 
Continental Felt Co., Inc 


Dow Chemical Co.. 8-9 
du Pont de Nemours & Co., (Inc.), 
E. |., Elastomers Dept 26 


Electric Wheel Co., Div. of Firestone 
Tire & Rubber Co 71 
Emerson Electric Mfg. Co 4th Cover 


Fairchild Engine & Airplane Corp., 
Fairchild Plastics Branch 


General Aniline & Film Corp., Ozalid 
Div 

General Electric Co., 
ucts, Inc. 


Gleason Works 


Silicone Prod 


Handy & Harman 


Haveg Industries, Inc., Taunton Div 


Kennametal, Inc., Metalworking Div 


Lucas-Milhaupt Engineering Co 


McGraw-Hill Book Co., Inc 
Minneapolis-Honeywell Regulator Co., 
Industrial Div 


National Seal Div., Federal-Mogu! 

Bower Bearings, inc 3rd Cover 
New Hampshire Ball Bearings, Inc 7 
Newark Wire Cloth Co 23 


Ohio Carbon Co 
Ohio Rubber Co 


Potter & Brumfield, Inc., Div., Amer 
ican Machine & Foundry Co 


Precision Rubber Products Corp 
Reuland Electric Co 


Steward Mfg. Co., D. M 

Stewart Corp., F. W 

Stolper Steel Products Corp., Allen In 
dustrial Products, Inc., Subs 

Synthane Corp 


T A Mfg. Corp ; 
Torq Engineered Products, Inc 
Torrington Co., Bearing Div 
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convenience to the readers. Every care is taken to make it accurate but 


responsibilities for errors or omissions 


United Electric Controls Co 


Western Rubber Co.... , 

White Dental ~— Co., S. S., Plastics 
Div. 

Wichita Clutch Co., Inc 


Worthington Corp. 2nd Cover 





LLOYD R. LAWRENCE advertising sales man- 
oger 

P. F. PRITCHARD manager, market develop 
ment 

THOMAS R. COASH circulation 

RUSSELL T DOUGLAS business manager 
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ATLANTA 3. . . Ray K. Burnet, 1301 Rhodes 
Haverty Bldg, Jackson 3-6951 

BOSTON 16. M. A. Williamson, Jr., 350 
Park Square Bldg, Hubbard 2-7160 

CHICAGO 11 Mid-Western Adv Sales 
Manager, A. E. Meanor; R. W. Bruley, L 
Anderson, 520 N Michigan Ave, Mohawk 
4-5800 

CLEVELAND 13 A. F. Tischer, 1164 
Iluminating Bldg, 55 Public Sq, Superior 
1-7000 

DALLAS 1 John Grant, 901 Vaughn Bldg, 
1712 Commerce St, Riverside 7-5117 

DENVER 2... John W. Patten, Tower Bldg, 
1700 Broadway, Alpine 5-2981 

DETROIT 26... P. B. Robinson, 856 Penobscot 
Bidg, Woodward 2-1793 

HOUSTON 25... Gene Holland, W-724 Pru- 
dential Bldg., Jackson 6-1281 

LOS ANGELES 17 . . . Robert Obenour, 1125 
West 6th St, Huntley 2-5450 

NEW YORK 36. . B. K. Adams, F. J. Mc 
Kinley, 500 Fifth Ave, Oxford 5-5959 

PHILADELPHIA 3 John B. Lewis, K S 
Willadson, 6 Penn Center Plaza, Locust 
8-4330 

PITTSBURGH 22 . C. F. Leveroni, 4 Gate- 
way Center, Express 1-1314 

ST LOUIS 8... . R. W. Bruley, 3615 Olive St, 
Continental Bldg, Jefferson 5-4867 

SAN FRANCISCO 4 W. C. Woolston, 
68 Post St, Douglas 2-4600. 


SUBSCRIPTIONS. Send subscription 
and cha of address to Fulfil . 
PRODUCT ENGINEERING, 330 W 42nd &t, New 
York 36, NY. Subscribers should notify Fulfliment 
Manager promptly of any change of address tnclud- 
ing postal sone number, if any. If possible, enclose 
an addresa label from a recent issue of the — 
zine. Since copies are addressed one to two issues 
in advance, please allow one month for change of 
address me effective. Subscriptions are 
solicited only from executives, engineers and con- 
sultants engaged in the design of machinery and 
other engineered products. Position and comy 

ec must be ind d on subscription 
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CORPORATION: Donald C. McGraw, President; Joseph A 
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Secretary. 


Treasurer; John J. Cooke, 
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General Electric 


LIQUID SILICONE RUBBER 


Cures at room temperature, 
useful from —70°F to +-600°F 
General Electric’s expanding family 
of RTV silicone rubber compounds 
all cure at room temperature. They 
contain no solvents; resist tempera 
ture extremes, moisture, ozone, 
weathering and aircraft fuels. Avail 
able in a wide range of viscosities 
from 120 poises (lower than any 
other silicone rubber compound) to 
12,000 poises. Important applica- 
tion areas include 

SEALING AND CAULKING 
Aircraft manufacturers use RT 
for pressure sealing of cabins and 
cockpits, fire walls, fuel tanks and 
hot air ducts. Protection for elec 
tronic packages is provided by 
caulking assemblies and sealing 
seams and lead holes with RTV. 

ELECTRICAL INSULATION 
Good electrical properties and out- 
standing heat resistance have led to 
RTV’s use in coil impregnation and 
encapsulation of motors and trans- 
formers. Can be poured, sprayed, 
painted, or applied by dipping. 
Cure times can be varied from min- 
utes to several days 

MOLDING AND TOOLING 
Parts cast in flexible RTV molds 
reproduce with precision detail. 
Built-in parting agent assures easy 
release. RTV eliminates such com- 
mon problems as excessive shrink- 
age and separate release agents. 


*Room Temperature Vulcaniz 


GENERAL 
ELECTRIC 
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SPECIAL INTRODUCTORY OFFER 


to new members of the 


MECHANICAL ENGINEERS’ BOOK CLUB 


and STRAIN 


uinnsenll 
Publisher’s — Ss Publisher's Publisher's | 
Price wos - : «8 Price, $8.25 Price, $8.50 
, Club Price Club Price 


FORMULAS 
for STRESS 


“= b 
$6.95 $7.25 
Mechanics of Machinery Formulas for Stress and Strain Mechanism by J 
Given'to you witha Ham, FE. J. Cran nd V by R. J. Roark, Th Edition. tical methods 
Roge Four i tead ‘le 


Charter Membership! + ggg 


q Publisher's Publisher’s ‘ Publisher's 
Price, $9.50 Price, $8.50 Price, $9.00 Price, $10.00 Price, $7.75 
Club Price, Club Price, Club Price Club Price Club Price 
$8.10 $7.25 $7.65 $8.50 $4.60 
Applied Mathematics for Engi- Practical Gear Design b Fluid-Power Controls by J. 1 ASME Handbook: Metals Engi- Principles of Metal Costing by 1 
neers and Physicists by L. A Dudley. Technical int & R. M. Koff. I nesring-—Cesign ‘ by O.H Heine P. Rosent! I 
Pipes. Second Edition *racti gear design vanuf ac Y » 
phy . n ‘ operation 


Publisher’s pare Publisher’s 


penger 


help in solving 
neering problen 


HANDBOOK of FASTENING and JOINING of METAL PORES 
By v H Laughs ner and A. D ,Warean (Publisher s A sg Biren. i ‘ astenin 


r cost we Boot n 


How many of the books shown here do you wish you had immediately at hand? 
GIFT—or, if you prefer, choose the Handbook you save yourself the bother of weatching amd for onl ptt pg 
of Metal Parts for shopping ind save ‘ e of 
ember from publishers’ prices 
Club Send no money now 


of Fastening and Joining 
ONLY $1.00—your introduction to n 
ship in the Mechanical Engineers’ Book 

If you're missing out on important technical 
literature f today’s high cost of reading 
curbs the growth of your library here's the 
solution to your problem. The Mechanical En- 
gineers’ Book Club was organized for you. to 
ynomical technical reading pr 


fail to be of value to you The Mechanical Engineers’ Book Club, Dept. PE-8-8 


provide an e 
gram that cannot 
All books are chosen by qualified editors and 
consultants. Their thoroughgoing understand 330 West 42nd Street, New York 36, N. Y., P.O. Box 97 
ng of the standards and values of the litera P enrol] me as & membx e Mechanical Engineers’ |} 
ture in your field guarantees the authorita ‘ to r e my FRE! ’ r the Handbook ! 
tiveness of the selections th my f ) have indicated 

How the Club operates. Every se 
month you receive free of charge The ; 
chanical Engineers’ Book Club Bulletin. * s : a ge ; : 7 , ~ — ~ 
gives complete advance notice of the r non of ershit 7 $8.95 
main selection, as well as a number of alte PLEASE PRINT \ “ 

I selections. If you want the main les fechanisn 
you do nothing; the book will be mail Name Applied Math 
ou. If you want an alternate selectio ineers & Ph 

you want no book at all for ae Practical Gear 


‘ +} t 
MT Mm 
month period notify the Club by retur . > ; 
- ae : é : City Z Fluid-Power Con 
ng the forn in e er velope enclosed l 
vour Bulletin , . ASME Handbook 
We ask you to agré only to the 1 cha oO > Pring 
i i tl I ia " > aplet ples of 
three books in a year. Certainly out of tl | NO RISK GUARANTEE 
large number of books in your field offe ir 10 days and your mem 


any twelve months there will be at 
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PERSONAL READER SERVICE 


USE ATTACHED CARDS . Data on Materials and Components 
. Free Article Reprints 


FOR PERSONAL COPIES . New Catalogs and Bulletins 


. Brochures on Advertised Products 
OF ADDITIONAL Personal Suscriptions to 


PRODUCT DESIGN DATA PRODUCT ENGINEERING 
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Card expires October 7, 1960 


No. 64 
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Valuable new data on product NEW YORK 





design engineering — readily 


available to you — FREE. BUSINESS REPLY MAIL 


No Postage Stamp Necessary if Mailed in the United States 





Just circle the numbers on the 





request cards that are identical 


with the numbers printed under Postage Will Be Paid By Reader Service Department 
each Advertisement, New Product 


and Bulletin throughout this issue. PRODUCT ENGINEERING 


Reprint numbers are prefaced 330 WEST 42nd STREET 
vith the letter “P”. One free 
reprint is available for each article NEW YORK 36, N. Y. 


»ffered. 
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onal copy of the Design Digest 


to be sure that you get your per- 


BUSINESS REPLY MAIL 


. ° ° ° . No Postage Stamp Necessary If Mailed in the United States 
issue mailed in mid-September. 





This comes as part of every regu- 
lar subscription (U.S.A.) at 


$3.00 per year. PRODUCT ENGINEERING 
This single popular issue will 330 WEST 42nd STREET 


ontain more than 600 pages of 


basic design information . . . or- NEW YORK 36, N. Y. 


ganized and indexed for ready 


Postage Will Be Paid By Reader Service Department 
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P40—ELLIPTICAL GEARS—3/28/60 P46—INTEGRAL BALL BEARINGS— P52—SELECTING THE RIGHT 
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P41—BEST RESULTS WITH PRINTED 
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thick Design Digest issue to read and refer to for years to come. POWER TRANSMISSION 





1 

2 
3 
+ 
5 
6 
7 
8 
9 





) pp, Bee Chemical ( 











J Differential Speed Reduce 16 Py 


1 year—NOW $3 U.S. only*{/] 2 years—NOW $4 


Winsmith Ine 


* Canada 


Payment enclosed 1 year—$5 MECHANICAL PARTS 


Bill me 2 years—$8 {—Brushes, 4 pp, M W Jenkins 





FASTENING AND JOINING 


352—S pecial-purpose Fast 
Deutsch Fastener ( orp. 


356—Hose Clamps, 15 pp, Wittek Mfg ¢ 
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NEW COMPONENTS 


324—-Automatie Motor Protector 325—Stock Preset Time Delays 
GENERAL ENGINEERING 329—-NEMA Size 00 Starte 328—Adjustable Ac Supply 


330—Stroboscopic Tachometer 


ELECTRICAL, ELECTRONIC 
COMPONENTS 


301—Subminiature Force-control Switch 310—Low-head, High-volume Pump 


HYDRAULIC, PNEUMATIC EQUIPMENT 
METALS AND ALLOYS 


Spherical Metal P 
304—-Reversible Decade Counter 312—4-way Positioning Air Valve 
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Industrial Pressure Switch 320—Slow-speed Rotating Unio 
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410,000 series 


A rugged, dependable new shaft seal 
for a broad variety of applications 


NATIONAL BUD* SEALS 


450,006 series 


HEAVY DUTY EXTRA RUGGED 


New designs proven in 4 years 
of field application 


Permanent bonded sealing lip, 
longer life, leakproof sealing 


Rugged case won't distort under 
severe press fit 


National Seal engineers — who brought you 
Syntech® and Micro-Torc* —now offer a ruggedly 
simple new advance in precision shaft sealing 
—National BUD (Bonded Universal Design) Oil 
Seals. 


BUD seals are designed for a broad variety of ap- 
plications, including many where more complex 


*TRADEMARK NATIONAL SEAL 


470,000 series 480,000 series 


STANDARD LOW-COST UTILITY DESIGN 


Phosphate coating avoids rust 
Seal has superior concentricity 


Sealing materials for temperatures 
—65° F to 400° F 


Operates in most oils or 
industrial fluids 


single-lip and double-lip designs were previously 
specified. 


Full details and application engineering help on 
National BUD or other oil seals are available from 
your National Seal Division, Field Engineers. See 
the Yellow Pages under “Oil Seals” or write direct 
to Redwood City, Calif., home offices. 


NATIONAL SEAL 


Division, Federal-Mogu!-Bower Bearings, Inc. 
General Offices: Redwood City, California 
Plants: Van Wert, Ohio; Downey and Redwood City, 


California, 
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CONSTANT SPEED AND TORQUE OF 
EMERSON ELECTRIC MOTORS 


is assured by balanced 
Die-Cast Rotors 


The precision tolerances of the rotors in Emerson Electric 
Motors insure a uniform air gap for constant speed and 
torque. Noise and vibration are kept to a minimum 
the symmetrical rotor design that provides a_ poro 
free casting. The rotor is supported on each side 
decrease the bearing load and give your application lo 


trouble-free operation 


EMERSON ELECTRIC MOTORS are custom engineered 
to suit your specific needs. Call us today— you'll like our 


way of doing business! 


@ E M ER so N E LE CT R I Cc of St.Louis * Since 1890 
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